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ABSTRACT 
The 14-membered chelating trans-P2S2 macrocyc1e 5,6,7,9,14,15,16,18-octahydro-
5, 14-dimethyldibenzo[e,l][1,8,4,11]-dithiadiphosphacyc1otetradecin has been prepared by a 
metal-template synthesis. The compound exists as racemic (R* ,R*) and meso (R* ,S*) 
diastereomers due to the two pyramidally stable tertiary phosphine stereocentres present. The 
functionalised asymmetric chelating ligand (+)-1-mercapto-2-[(2-methoxybenzyl)methyl-
phosphino ]ethane was used to prepare neutral square-planar nickel(ll) and platinum(ll) 
complexes of the type [M(PSh] for the template cyc1isation. The solution chemistry of a 
pure diastereomer of each bis(bidentate) complex has been studied. Ligand redistribution 
occurs in the nickel(ll) complex under ambient conditions, as evidenced by facile 
intermolecular asymmetric transformations between racemic and meso diastereomers. The 
platinum(ll) complex is inert to ligand redistribution. Treatment of a 1: 1 mixture of the 
racemic-trans and meso-trans platinum(II) complexes with boron tribromide in dichloro-
methane gave cationic complexes that contained the macrocycle. The free macrocyclic ligand 
was obtained by displacement with cyanide and the racemic and meso diastereomers were 
separated by chromatography under argon. Both forms of the macrocyclic ligand are 
air-stable crystalline solids. Thermal epimerisation of each diastereomer of the ligand was 
effected by heating the pure compounds at temperatures slightly above their respective 
melting points. 
The square-planar nickel(ll) complexes of the racemic and meso macrocyc1ic ligands have 
been prepared. The racemic form of the ligand gives an orange crystalline complex that 
exists in dimethylsulphoxide solution as a single diastereomer of C2 symmetry. The meso 
complex is a yellow crystalline solid that exists as a centrosymmetrical diastereomer in 
solution under similar conditions. 
As an extension of this work, the synthesis and properties of functionalised bidentates for 
the template synthesis of trans-P2N2 macrocyc1es have been investigated. The first optically 
active phosphorus-nitrogen bidentate containing a 1,2-phenylene backbone has been resolved 
11 
by the method of metal complexation. The enantiomers of (+)-(2-aminophenyl)methyl-
phenylphosphine were obtained by the fractional crystallisation of a pair of internally 
diastereomeric palladium(II) complexes derived from the ligand and bis(Jl-chloro )bis[ (S)-
[1-[ l-(dimethylamino )ethyl]naphthyl-Cl ,N]]dipalladium(m. The optically pure enantiomers 
of the ligand, [a]o + 160° (R), and -160° (S) (acetone), were obtained from the palladium(ll) 
complexes by displacement with (R* ,R*)-(+)-1,2- phenylenebis(methylphenylphosphine). 
In addition, the functionalised phosphorus-nitrogen ligand (+)-1-amino-2-[(2-methoxy-
benzyl)methylphosphino]ethane has been prepared and resolved by metal complexation. The 
S enantiomer of this ligand is a colourless air-sensitive oil with [a]D -4.86° (CH2CI2). 
Routes to functionalised phosphorus-nitrogen bidentates (+)-1 ,3-dimethyl-2-[2-[methyl-
[2-aminoethyl]phosphino]phenyl]imidazolidine and (+)-2-[methyl(2-aminoethyl)phosphino] 
-benzenemethanol have also been investigated. Bis(1 ,3-dioxolane-2-phenyl-2-)methyl-
phosphine has been prepared as a potential intennediate for the synthesis of both of these 
compounds. 
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FORMAT AND NOMENCLATURE 
The fonnat of this thesis is 'based on that of the text and notation seen in current editions of 
Inorganic Chemistry. 
Compounds in the text have been named according to the latest Chemical Abstracts Index 
Guide.94 
Nomenclature of Macrocycles 
The P2S2 macTocycles have been named according to a ring system given in the Chemical 
Abstracts Ring Systems Handbook. 95 
Ring System 
13 14 1 
rYAs~IJ~ 
~;~AsV 
10 9 5 4 
Dibenzo[e,l] [1,8,4, 11]dithiadiarsacyclotetradecin 
14-Membered trans-P2S2 Macrocycle Parent Structure 
13 14 1 
cx:p ...... ~17;018a y ~(4) ""'" - S e (8) [1) [11) I "- ;~p~.# 
10 9 5 4 
Dibenzo[e,l] [1 ,8,4,11]dithiadiphosphacyclotetradecin 
14-Membered trans-P2S2 Macrocycle 
5,6,7,9,14,15,16, 18-0ctahydro-5, 14-dimethyldibenzo[e,l][1 ,8,4, 11 ]dithiadiphosphacyc1o-
tetradecin 
Stereochemical Nomenclature 
The stereochemical nomenclature adopted is also based on the rules stated in the latest 
Chemical Abstracts Index Guide.94 
The descriptors R or 5 specify the absolute configurations of crural stereocentres in 
accordance with the Cahn-Ingold-Prelog (C I P) system.96 The name of the meso 
cliastereomer of the trans-P2S2 macrocyc1e is preceded by the stereochemical descriptor 
Xl 
(9R*, 185*) which denotes the relative absolute configurations of the two chiral stereocentres 
present Accordingly, the racemic diastereomer of the macrocycle has the descriptor 
(9R*,18R*). The enantiomers of the racemic macrocycle are specified by adding R or 5 to 
the relative descriptor to give absolute descriptors, viz. [R -(9R*, 18R*)] and 
[5-(9R* ,18R*)]. In the text, however, these absolute descriptors will be shortened to 
[R-(R* ,R*)] and [5-(R* ,R*)]. 
When two or more asymmetric stereocentres of different types are present in a compound 
they are arranged in decreasing order of C I P sequence rule preference in the descriptor.96 
1 
CHAPTER 1 
INTRODUCTION 
Macrocyc1ic ligands play an important role in many biological processes. These include 
electron transfer and redox reactions, metal metabolism, and oxygen transfer. 1 The early 
interest in synthetic macrocyc1es was triggered by the discovery of such naturally occurring 
ligands, with subsequent work being directed towards a greater understanding of the more 
intricate biological processes involved. During some thirty years of research, studies of 
synthetic macrocycles have covered a wide range of the chemical spectrum. A large number 
of multidentate cyclic ligands containing hard donors, such as oxygen or nitrogen, and 
sulphur, a soft donor, have been reported in the literature.2,3 However, it was not until 1970 
that the ftrst macrocyclic complex containing phosphorus donors was reported.4 It was to be 
a further ten years before the fust macrocycle containing arsenic donors was reported.5 The 
reason for the scarcity of macrocycles containing phosphorus and arsenic donors appears to 
relate to the difficulty of synthesising and handling tertiary arsines and phosphines and their 
precursors. Such compounds are often air-sensitive and exist as mixtures of diastereomers 
when two or more of the donors are present, due to the pyramidal stability of tertiary arsenic 
or phosphorus stereocentres (Einv > 170 kJ mol-lor 130 kJ mol-I, respectively) .6,7,8 In 
addition, low molecular weight phosphines are often pyrophoric and explosions and flres 
have been witnessed during preparations of phosphines.9 
1.1 General Considerations for Macrocycle Synthesis 
The realisation that metal complexes with predictable stereochemistries could be prepared 
opened up a large area of synthetic chemistry, and the design of chelating ligands has been 
the subject of a number of reviews.3,lO,11 
2 
A number of factors must be taken into account in the design of a particular ligand. Not 
only does the geometrical aspect of the molecular construction need to be considered, but also 
such factors as the stability of the resulting metal complex. For example, in choosing a 
chelating therapeutical for the treatment of metal overload the stability of the metal complex in 
vivo is of primary importance. 
Rigid cyclic systems introduce constraints that are absent in acyclic systems; the positions 
of the donors are limited and the effect of such constraints may be of significance in 
biomacrocyclic systems. 
The conformation of a macrocyclic ligand and the configurations of its donors upon 
coordination may be predetermined allowing control that would not be possible in acyclic 
systems. Indeed, the specification of bonding cavities in macrocyclic ligands is a parameter 
of major importance in influencing the chemical properties of the resulting metal complex; a 
review on this topic is available. 12 
For the synthesis of macrocyclic ligands, two strategies have been employed, both of 
which involve the cyclisation of acyclic precursors. The non-template method involves the 
direct interaction of acyclic precursors to give the cyclic product. Yields of macrocycles by 
this method are often low, however, due to competing linear polymerisation reactions. 
Improvements in yields have been obtained by use of the high dilution technique.13 Yields 
of cyclic products may also be improved by the use of metal ions to act as templates for the 
sterically demanding cyclisation step, in what is known as the coordination template effect. lO 
Early examples of metal-template cyclisations can be seen in the work of Busch lO and of 
CurtiS.14 This method was later employed in the preparation of the nitrogen analogues of 
polyether cryptates. 15,16 
1.2 Metal-Template Syntheses of Macrocycles Containing Phosphorus 
Donors 
In 1970 Marty and Schwarzenbach4 reported the preparation of the macrocyclic complex 
1 as shown in Scheme I. 
...... 
Scheme I 
C(Br '1 ~ 
Br 
1 
The geometric constraints placed upon the acyclic precursor molecule in the complex 
were similar to those employed in the earlier work of Thompson and Busch.17 In this work 
the related cis-N2S2 macrocyclic complex 2 was prepared as shown in Scheme II. 
Scheme II 
C(Br '1 ~ 
Br 
2 
When cyclisation was attempted with a related cis-A~S2 acyclic precursor on 
palladium(Il) the reaction was unsuccessful. I8 
3 
4 
The first example of a metal-template macrocycle synthesis in which ring closure occurred 
at phosphorus was reported in 1977 by Rosen and DelDonno. 19 These workers described 
the fITSt synthesis of a tetra(tertiary phosphine) macrocycle 3 and commented upon its 
powerful complexing ability towards nickel(II). The synthesis of the macrocycle is outlined 
in Scheme ill. 
Scheme m 
.. 2cr 
Ph fI Ph Ph fI Ph 
1. K2C03/ 
~p psl" (P p5 ()() EtOH CN" • 2cr .. 2C(Br ~p p~ ~p p~ 
Ph Ph Ph Ph 
Br 0 \ ;) 
3 
, 
Once again, a,a'-dibromo-o-xylene was used as the alkylating agent for the ring closure 
at the secondary phosphido groups. The macrocyclic ligand was obtained as an air-sensitive 
oil in ca 50% yield. In this work, no mention was made of the diaste~eomers of the ligand 
arising from the presence of four chiral phosphorus stereocentres. 
High diastereoselectivity in the template synthesis of a 14-membered macrocyclic 
tetra(secondary phosphine) 'was reported by Stelzer and his co-workers in 1983.20 The 
strategy employed is shown in Scheme IV. 
Scheme IV 
Me ( (CHiln \ Me 
~PH HP.sS 
~/ ( (CHiln-2 ""1 
~+ 2X- + RC CR 
/~ II II o 0 
PH HP 
Me.;-J ~ (CHiln ~ '"1.., Me 
• 
Me ( (CHiln \ Me 
HO~PH HP6-0H 
R- I ~ / ,---R 
(CHVn_2 ~+ (CHilo-2 2X-
H~~P/ ~~OR 
sJ\ )~ H 
Me '-- (CHilo J Me 
M = Ni,Pd 
R = Me,H 
X = Cl.Br 
n = 2,3 
For R = Me, high diastereoselectivities were observed and X-ray crystal structure 
determinations were perfonned on two of the diastereomers; this ligand contains eight chiral 
stereocentres. 
5 
6 
In a subsequent paper, Stelzer and his group described the preparations of metal 
complexes of related tetra(tertiary phosphine) macrocycles.21 The strategy employed in these 
syntheses is shown in Scheme V. 
Scheme V 
R 
Me~!r)x 
l:V ~M/ 
"-m/ ~ 
MesSP~~)X 
R 
4 
M = Ni, Pd, Pt 
R = Me, H 
X = CI, Br 
m, n = 2, 3 
Me 
HP.sS ,
(CHVn 
HP.~ 
~ 
Me 
5 
.-
7 
R 
Me ir) Me ~ 0 .sS rP~ HP, 
(CHVm W+~ (CHVn 
"- / ~ ~ sSP o~ HP. Me ~~o ~Me 
OH 
R 
R 
OR 
R 
6 
2X" 
2X-
7 
The bis(tertiary phosphine) complexes 4 were treated with the bis(secondary phosphines) 
5 to give the bis(bidentate) complexes 6. The ring closures were initiated by removal of the 
dioxolane protecting groups by acid hydrolysis, thus generating ketones or aldehydes that 
then reacted with the coordinated secondary phosphines to give the macrocyclic complexes 7. 
The resulting quadridentate tetra(tertiary phosphine) ligand was found to be a powerful 
chelating agent for each of the metal ions and prolonged treatment of the complexes with 
concentrated aqueous KCN at ca 80°C failed to liberate the macrocyclic ligand. 
Prior to the present work, there has been no report of a metal-template synthesis of a P2S2 
macrocycle in which the free rnacrocyclic ligand can be obtained, although P2N2 macrocyclic 
ligands have been obtained following displacement reactions. Thus, in 1974, Meek and 
Riker-Nappier reported the synthesis of macrocyc1ic complex 8, as depicted in Scheme VI.22 
Scheme VI 
~P:J I 
Ph 
Me 
N I 
• N--NP+--N LL~ 
I 
Ph 
8 
Me 
+ 
Me 
(pF6)2 
Me 1. [Ni (H20)6]C12 
2. NH4PF6 
Me N 
Me 
NaBH4 
• .- HN--Ni2+--NH (pF6-h MeOH LL) 
I 
Ph 
9 
A solution of bis(3-aminopropyl)phenylphosphine and 2,6-diacetylpyridine in ethanol 
containing [Ni(H20)6]CI2 yielded the desired diimine complex, which was precipitated with 
NlLtPF6. Sodium borohydride reduction of the diimine complex gave the diamine complex 
9 in which the tertiary carbon atoms had the meso or (R* ,s*) relative configuration. The 
diamine 9 was removed from the nickel ion with cyanide, but was isolated and characterised 
as the corresponding phosphine sulphide. 
The macrocyc1ic ligands 10-13 having P2N3 donors were prepared by a similar 
strategy.23 
10 m = n = 2 
11 m = 2, n = 3 
12 m = 3, n = 2 
13 m = n = 3 
In 1980 the frrst synthesis of a metal complex containing a 16-membered macrocyclic 
P2N2 Schiff base ligand was reported (Scheme VII).24 
Scheme vn 
Me Me 
Me Me 
• 
14 15 
8 
The cyclisation was presumed to proceed via an acid-catalysed intramolecular 
rearrangement of the six-coordinate Schiff base complex 14 with elimination of 
acetylacetone. In a subsequent paper the same authors reported the crystal structure of 15, 
together with the synthesis and characterisation of the 16 -membered P2N2 macrocyclic 
complex 16.25 
/" -- ..... " 
~ 
Me Me 
, , 
I 
~ I 
N N 
~/ 
Ni 2+ 2X-
p/ "'p 
Ph~  '"'L,Ph 
16 
Complex 16 exists in the dienato form, whereas 16-membered 15 exists in the diene 
form. Both complexes contain square-planar diamagnetic nickel(ll) and a single crystal 
X-ray structure determination of 15 revealed that the two asymmetric phosphorus donors 
have the meso or (R* ,S*) relative configuration. " 
9 
In 1985 Ansell et al. reported the synthesis of another P2N2 macrocycle via the alkylation 
of coordinated cis-amino groups (Scheme vrrl).26 
Scheme vm 
Et~ 
.. 
MeOH 
TsO = toluene-p-sulphonate 
Ph n 
,~- H 
TSO=> 
TsO 
.. 
CP N=> PaN / _ H 
Ph j 
10 
Interestingly, the racemic form of the acyclic precursor ligand (unlike its diastereomer, the 
meso fonn) did not function as a quadridentate ligand for the nickel(ll) ion, and therefore 
could not be used for the cyclisation reaction. 
There appears to be no other report of the synthesis of a P2N2 macrocyc1e since the 
publication by Ansell et al. 
11 
1.3 Non-Template Syntheses of Macrocycles Containing Phosphorus 
Donors 
In 1975 Horner et al. published the first non-template synthesis of'l6- and 20- membered 
rings having equidistant phosphorus donors, compounds 17-22.27 
(CHz)." n E 
17 3 P-PhBz (E E\ 18 3 O=PPh 
(CHVn (CHVn 19 3 PPh 
~E E~ 20 4 P-B~ 21 4 O=PBz 22 4 PBz ~(CH~n~ 
In a subsequent paper they reported the synthesis of the macrocycles 19 and 22 following 
LiAlH4 reductions of the cyclic benzyl phosphonium salts 17 and 20.28 
Kyba and co-workers have published a series of papers dealing with the non-template 
synthesis of macrocyclic ligands having phosphorus donors. An early report dealt with the 
preparation of the macrocycles 23 and 24 (Scheme IX). 29 
Scheme IX 
OC PPhLi PPhLi 
25 
PPhLi 
(XPPhLi 
+ 
+ 
(lsSPh 
Cl P:o 
C1 P~ V Ph 
(l 
CI S 
Cl sD 
V 
high ' 
dilution 
high 
dilution 
• 
.. 
23 
24 
.... 
12 
Macrocycle 23 can exist in five diastereomeric fonns, while 24 has two diastereomers as 
shown in Figure 1. 
• • • • (a) (R ,S .R ,S )-23 • • • • (y) (R .R ,S ,S )-23 
Ph'r'i ~Ph 1t.,,~ .'~ CC~ P P~ # ~ P P 
~\\\\' ~ ,····V'--
Ph Ph 
• • meso (R .s )-24 • •• racermc (R .R )-24 
Figure 1. Diastereomers of macrocycles 23 and 24. 
13 
In the preparations of 23 and 24 it was found that one diastereomer formed 
predominantly for each system. Recrystaliisation of crude 23 resulted in the isolation of one 
diastereomer in 22 % yield. (It is pertinent to the present work that liquid chromatography of 
the macrocyclic phosphines resulted in the recovery of only one third of the initial 
compounds). In a subsequent paper from this group, it was pointed out that 31 P NMR 
spectroscopy of the crude reaction mixtures did not reveal the presence of other diastereomers 
(Figure 1).30 Diastereomer a was converted into diastereomer ~ following heating to 
185°C, as a result of a crystallisation-induced disequilibr3:tion during cooling.31 Both 
diastereomers (a and~) have (R*,S*) relative configurations of the 1,2-phenylenebis(alkyl-
phenylphosphino) moieties. This was attributed to the steric requirements of the dilithio 
species 25, which apparently had the (R*,S*) stereochemistry.5 
The high dilution technique employed by Kyba et al. has led to the preparation of a 
number of other 14-membered macrocyc1es (26-29) containing a variety of donors, 
including oxygen, nitrogen, sulphur, phosphorus, and arsenic.29.30.32 
y 
26 AsMe 
27 S 
28 0 
29 NMe 
It became evident in subsequent work, however, that the heteroatoms Y were not 
coordinating to metals in their complexes; bis(bidentate) complexes were formed in which 
only the phosphorus atoms acted as donors, as in [FeCI2(27)i1 and [CoC12(28h].32.33 In 
order to overcome this problem, ligands 30 and 31 were prepared, since geometrical 
considerations for full coordination of the macrocycle were more favourable for these 
systems.32 
Ph~(ls-FPh 
c:( PY") 
y y~ 
V 
30 y=s 31 
.... 
The modified synthetic strategy for ligand 30 is outlined in Scheme X. 
Scheme X 
A 
B 
2 (yPHPh 
~SH 
1. 2 n-BuLi 
Ph~('l/Ph 
('rp P ~SH HS~ .. 2. Cl Cl V 
32 
1. 2 KH 
+ 
2.1 MsO OMs 
V 
(high dilution) 
* * (R ,S )-30 
4% 
Ph Ph 
KOH/Eto H{fHF 
32 .. 
Br Br 
V Ct
PHHP~ I . I 
~ S S '-
V 
1. 2 n-BuLi 
• 
2.1MsO OMs 
V 2% 13% 
14 
(R* ,R*)-30 
34% 
15 
In Scheme X (A) the greater nucleophilicity of the phosphide ion compared to that of the 
thiolate ion resulted in alkylation at phosphorus. The linear precursor was converted into the 
potassium salt which was then treated with 1,3-propanediolbis(methanesulphonate). The 
. * * * * product, a rrnxture of (R ,S )-30 and (R ,R )-30, was separated by column 
chromatography. A single crystal X-ray analysis confmned the structure of (R* ,R*)-30. 
Alkylation of the thiolate anion according to Scheme X (B) resulted in lower yields of the 
macrocyclic products. 
A more elaborate strategy, as outlined in Scheme XI, was required for the preparation of 
macrocycle 31, which contains trans-disposed donors: 
Scheme XI 
(XPHPh KOH/EtOH{fHF crPHPh .. OCH2OMe SH S 
~OMe 
32 
Ph ~(l Ph ~(l 
exP Cl O( SD 1. n-BuLi 32 .. .. 2. Br Cl 
V S S HPPh ~OMe ~OMe 
33 34 
Ph~(l Ph~(l 
n-BuSNa exP SX) KOH/EtOH/fHF O( SX) - .. I~ DMF SH HP ~ Br Cl ~ Ph V ~ HPPh 
Cl 
35 
Ph~" (l Ph~" (l 
" 
+. 
"., ... 
LDA/THF/O °C O( sx) O( sx) .. + I I ~ (modified high 
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Here, the protection of the thiol32 with (chloromethyl)methyl ether was followed by 
alkylation at phosphorus to give 33. Treatment of 33 with another equivalent of 32 gave a 
quantitative yield of the protected thiol 34. The deprotection of the truol was readily achieved 
by the use of n-butylthiolate in dimethylfonnamide. It was found necessary to perfonn the 
cyc1isation by a modified high dilution technique via the relatively unstable intennediate 35. 
The overall synthesis resulted in isolation of diastereomers (R* ,s*)-31 (5 % yield) and 
(R* ,R*)-31 (30 % yield). A single crystal X-ray analysis of [Pt{ (R* ,R*)-31}](pF6h 
revealed that the ligand was fully coordinated with essenti~y equal Pt-S and Pt-P bond 
lengths. 
Kyba et al. have also reported the synthesis of a series of potentially tridentate 
macrocycles having various combinations of oxygen, nitrogen, sulphur, arsenic, and 
phosphorus donors.5.33-36 The interactions of these ligands with transition metals have also 
been studied.37-40 
Ciampolini et al. have published a series of papers describing the synthesis of a family of 
sexidentate macrocYcles containing four phosphorus donors as well as pairs of sulphur, 
nitrogen, or oxygen donors.41 -52 The coordination chemistry of the ligands has been studied 
extensively. The synthetic strategy adopted for this work is outlined in Scheme Xll. 
Scheme XII 
Ph CPU 
PLi 
Ph 
.. 
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The "one-pot" synthesis avoided the need to isolate air-sensitive intennediates, although 
the yields of the macrocyc1es 36-39 were low (ca 15%). There are five diastereomers 
possible for each of these ligands (Figure 2) and in the case of 36 and 37 all five have been 
isolated by fractional crystallisation or by ion-exchange chromatography of their metal 
derivatives. 
Ph" r X 1 .... \\\\\\\ Ph ( p) 
~P P. ~ I X I """11111/ 
Ph ~ ~ Ph 
• • • • (y) (R ,S ,S ,R ) 
x = 0 , S, NPr 
Figure 2. The five diastereomers of macrocyc1es 36-38. 
18 
The 31 P NMR spectra of the macrocycles led to some interesting observations: 
Diastereomer a gave rise to four signals due to the four non-equivalent phosphorus nuclei; 
the remaining diastereomers each exhibited one phosphorus signal. Furthermore, the 
chemical shift values were found to depend upon the relative chiralities of the pairs of 
phosphorus centres linked by the ethylene group. The (R* ,S*) relative configuration of the 
chiral phosphorus stereocentres resulted in a higher field chemical shift compared to the shift 
of diastereomers containing the (R* ,R*) arrangement. Thus, diastereomer a gave one pair 
of signals at high field and a second pair at low field. Similarly, diastereomers 'Yand E each 
gave one high field singlet, and diastereomers P and 8 gave one low field singlet each. At 
140°C, any given diastereomer racemised with inversion at phosphorus giving isomeric 
mixtures of a (50%), p, 'Y, 8 and E (ca 12% each). In 1986, Ciampolini presented a paper 
dealing with the coordination chemistry of the potentially sexidentate macrocyclic ligands. 
He found that the stereochemistries of the complexes with iron(II), cobalt(II) and nickel(II) 
depended greatly upon the relative configurations of the phosphorus centres, as well as upon 
other factors, such as the strength of the heteroatom donor, the ring size, and the nature of 
the metal ion. In every case, the four phosphorus donors were found to coordinate to the 
metal, but the oxygen, sulphur, or nitrogen donors did not necessarily do so.52 Interesting 
examples of how the steric requirement of a given diastereomer comply with the electronic 
requirements of the metal ions were given by the crystal structures of the complexes of 
P-P 4N2 with iron (II) , cobalt(II), and nickel(II) (Figure 3). 
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The (R* fl* ,5* ,5*) diastereomer was found to be particularly suitable for following 
subtle changes in M-N interactions due to the facial arrangement of the P-N-P donors when 
the ligand chelates the metal ion in a trans-octahedral fashion. The nitrogen atom is 
progressively rejected from the metal coordination sphere as the number of d-electrons of the 
metal increases from six to eight, due to slight confonnational changes within the 
More recently, a number of groups have reported syntheses of macrocyclic ligands 
incorporating phosphorus donors in the ring, or as axial substituents.53-56 In 1986, Lippard 
and co-workers described the optical resolution of a nickel(II) complex of 40, by the 
mechanical separation of a racemic mixture of optically active crystals.53 
40 
I 
To date, no free optically active macrocyclic ligands containing asymmetric tertiary 
, 
phosphorus donor atoms have been prepared. Due to the greater stability of chiral tertiary 
arsine stereocentres to inversion, and to oxidation, certain macrocyclic tertiary arsines have 
been studied in depth by Wild and co-workers, where optically active arsenic macrocycles 
were isolated for the fIrst time.57,58 
1.4 Metal-Template Syntheses of Optically Active Arsenic Macrocycles 
1.4.1 Resolution of Ligands Containing Tertiary A~nic and 
Phosphorus Donors (Classical Methods) 
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The strategy adopted for the preparation of optically active arsenic macrocycles relied upon 
the resolution of an acyclic precursor ligand. The classical method of resolving tertiary 
arsenic and phosphorus stereocentres involves the separation of a pair of arsonium or 
phosphonium salts containing a resolving anion, for example, D-( -)-dibenzoylhydrogen 
tartrate. This methcxi was fIrst used by Homer et al. and is exemplified by the resolution of 
(R* ,R*)-(+)-ethane-l ,2-bis(methylphenylphosphine), (R* ,R*)-(+)-41. 62 
[R-(R* ,R*)] 
E 
41 P 
42 As 
MeA: s Ph ~. ,. 
.~E) 
. s 
"E 
i ~ 
Ph--= Me 
[S-(R* ,R*)] (R* ,S*) 
...... 
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The initial separation of the diastereomers (R* ft*)-41 and (R*,S*)-41 was achieved by 
the fractional crystallisation of the corresponding bis(benzylphosphonium) salts. Each of 
these was then reduced electrochemically and the pure (R* ft*) diastereomer was re-
quartemised with benzyl bromide and the resulting dication was resolved with D-( -)-
dibenzoylhydrogen tartrate. The resulting pair of diastereomeric salts was separated by 
fractional crystallisation and the resolved salts were subsequently reduced (electrochemically) 
to the optically active bis(tertiary phosphines) [R-(R* ft*)]-41 and [S-(R* ft*)]-41. 
This method of resolution is tedious and gives low yields of the optically active products. 
Due to the low barrier to inversion of the crural phosphorus stereocentres in the bis(tertiary 
phosphines), distillation led to loss of optical activity. 
1.4.2 Resolution Methods Employing Metal Complexation 
The arsenic analogue of 41,42, was resolved by Bosnich and Wild in 1970.63 The 
diastereomeric fonns of the ligand were separated as neutral square-planar dichloro-
palladium(ll) derivatives by column chromatography on silica gel; subsequent displacements 
of the racemic and meso fonns of the bidentate from the respective complexes with cyanide 
yielded the pure (R* ,R*) and (R* ,S*) fonns of the ligand. The racemic diastereomer was 
resolved by a similar method to that used for the analogous phosphorus compound. In the 
case of the tertiary arsine, however, distillation did not lead to racemisation [to.5 (inv.) ca 
740 h at 200 °C].6 
Wild et al. reported the large scale resolution of (R* ft*)-(+)-1 ,2-phenylenebis(methyl-
phenylphosphine), (R* ,R*)-43, and its arsenic analogue, (R* ft*)-44, by an important new 
method involving optically active ortho-metalated [l-(dimethylamino )ethyl] benzene as the 
resolving agent. 64,65,66 
[R-(R* ,R*)] 
E 
43 P 
44 As 
[S-(R* fi*)] (R* ,S*) 
Separation of the diastereomeric forms of the ligand was achieved by fractional 
crystallisation and selective precipitation of the sparingly soluble complexes 
[Ni(SCN){ [(R* ,5*)]-43 }2](SCN) or [NiCI {[(R* ,5*)]-44 }7JCl. The resolutions of the 
racemic fonns of 43 and 44 were achieved by fractional crystallisation of internally 
diastereomeric palladium(II) complexes containing the respective ligand and optically active 
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ortho-metalated [l-(dimethylamino )ethyl] benzene. Liberation of the resolving agent from the 
diastereomeric hexafluorophosphate salt using Hel followed by cyanolysis of the 
[pd(bidentate)CI2] complex gave the optically pure enantiomers as air-stable crystalline 
solids. 
This method of resolution was found to be of quite general application and in 1982 the 
resolutions of the unsymmetrical bidentates (+)-8-(methylphenylphosphino)quinoline, 
(+)-45, and its arsenic analogue, (+)-46, using R-47 were reported by Wild et al. (Scheme 
XIll) .67 
..... 
Schemexm 
(R)-47 
[R-(R* ,R*)]-48 (E = P) 
[R -(R* ,R*)]-49 (E = As) 
+ 
+ 
2 
M~ 
.J'f' E--.:. Me I . 
Ph 
E 
(±)-45 P 
(±)-46 As 
[S-(R* ,S*)]-48 (E = P) 
[S-(R* ,S*)]-49 (E = As) 
A potential obstacle to the method when resolving unsymmetrical bidentates is the 
possibility of cis-trans isomerism arising in the internally diastereomeric palladium(II) 
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complexes. However, only the cis arrangement of the nitrogen atoms appears to occur in the 
naphthylamine complexes. Displacement of the resolved ligands by treatment of the 
respective diastereomers of 48 with sulphuric acid (70%), followed by hydrolysis and 
treatment of the reaction mixture with lithium chloride, gave the complexes (R)-50 and 
(S)-50 (Scheme XIV). 
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Scheme XIV 
[R-(R* ,R*)]-48 [S-(R* ,S*)]-48 
(R)-50 (S)-50 
(S)-45 (R)-45 
The optically pure ligands were obtained from (R)-50 and (S)-50 by treatment with 
cyanide. Liberation of the resolved tertiary arsine from [R-(R* ,R*)]-49 and [S-(R* ,S*)]-49 
was achieved by treatment of the diastereomers with ethane-1 ,2-diamine. 
In 1983, Wild et al. reponed the resolution of 51 containing dissimilar chiral donor 
atoms.68 Both diastereomers of 51 were resolved by the method of metal complexation. 
[R-(R* ,R*)]-51 [S-(R* ,R*)]-51 
Ph Me 
~s,. 
(XP,-: ~ I R ~ 
~ As' 
J .~ 
Ph Me 
[R-(R*,S*)]-51 [S-(R* ,S*)]-51 
(+)-1-Amino-2-(methylphenylphosphino)ethane, (+)-52, and its arsenic analogue, 
(+)-53, were the fIrst bidentates possessing alkyl backbones to be resolved by this 
method. 69 
Ph~ Me R.~ Me Ph ~s~ 
E E C~ ~ J 
NH2 H2N 
E 
P (R)-52 (S)-52 
As (R)-53 (S)-53 
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Liberation of the optically pure enantiomers of 52 from the diastereomeric complexes was 
" 
achieved by treatment with (R* fl*)-(+)-1,2-phenylenebis(methylphenylphosphine), 
(R* fl*)-43. It is noteworthy that ethane-l ,2-diamine was capable of displacing the 
enantiomers of 53 from the pure palladium(II) complexes. 
The first asymmetric chelating agent containing a sulphur donor, (+)-(2-mercaptoethyl)-
methylphenylarsine, (R* fl*)-54, was also resolved by the method of metal complexation, 
although unusual behaviour was observed when the racemic ligand was treated with the 
resolving agent, (R)-47, as shown in Scheme xv.70 
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Scheme XV 
2 (R)-47 + 
HS) 
2 (±)-
PhMeAs 
(R* ,R*)-54 
H 
(S* ,S* ,R* ,R*)-55 (R*,R·,R* ,R*)-55 
Bridging ,u-thiolato epimers containing two onho-metalated [(R)-[l-(dimethylamino)-
ethylJnaphthyl-C2 ,NJpalladium(ll) resolving units per bridging (methylphenylarsino )ethane-
2-thiolato-As,5 ligand resulted. The epimers were separated by fractional crystallisation and 
the tenninal resolving unit was removed in each case with ethane-l ,2-diamine. The optically 
pure enantiomers of the tertiary arsine were liberated from the mononuclear palladium(ll) 
complexes with cyanide. 
The phosphorus analogue of (R* ,R*)-54 behaved similarly when treated with the 
resolving agent.?1 Here, however, the resolved bidentate tertiary phosphine is very strongly 
coordinated and it could not be liberated from the internally diastereomeric palladium(ll) 
complex with cyanide. 
1.4.3 Strategy of Synthesis of trans-A~S2 and trans-~N2 Macrocycles 
The strategy adopted by Wild et aI. for the metal-template synthesis of trans-A~X2 
macrocycles is depicted in Scheme XVI.57.58.71.72 
Scheme XVI 
+ 2 
56 
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The macrocycle 56 exists as racemic or meso diastereomers due to the presence of two 
pyramidally stable asymmetric tertiary arsenic stereocentres (Figure 4). 
(') 
Me~ 
CAs ~ 
X As U""Me 
(R* ,S*)-56 [S-(R* ,R*)]-56 
Figure 4. Diastereomers of trans-A~X2 macrocycle 56. 
[R-(R*",R*)]-56 
28 
The reaction depicted in Scheme XVI was expected to proceed with appropriate choice of 
M and X. The correct choice of M would result in the desired product with intermediates of 
trans geometries, whereas cis geometries in the intermediates would lead to the 7 -membered 
ring 57. 
~ 
.r1" As X 
Me LJ 
57 
In choosing M, stabilities of various bis(bidentate) metal complexes were considered. 
Highly labile complexes were not suitable and excessive stabilities of product complexes 
would be undesirable in view of the expected difficulty of recovering the free ligand. 
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1.4.3.1 The trans-As2S2 System 
A requirement of the strategy was that the leaving group X could be generated from the 
protected benzyl group under conditions that labile precursor complexes could tolerate. For 
the trans-A~S2 system, a suitable choice of protecting group was OMe, since benzylmethyl 
ethers are converted in high yield into benzyl bromides by boron tribromide.73 The bidentate 
precursor ligand (+)-58 was prepared in five high yielding steps from 2-bromobenzyl-
methyl ether as shown in Scheme XVII. 
Scheme xvn 
~OMe 1. Mg, THF ~OMe 
AsM~ 
2. M~AsI 
Br 
~OMe 
AsMeBr 
NaI (') 1. Na, THF. 
~OMe 2. V 
AsMeI S 
3. H30+ 
(') OMe Me~ 
As 
CSH 
(±)-58 
The produc4 (+)-58, was obtained in 81 % yield by this method as a colourless oil in 
batches of ca SSg. The trans-A~S2 macrocyclic ligand 59 was prepared as shown in 
Scheme xvm in SO% yield from the palladium complex along with the 7-membered ring 60 
in 38% yield. 
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Scheme XVllI 
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The reaction temperature and reaction time had a considerable effect on the yields of the 
products, and the intermediate complex 61 was not isolated from the "one-pot" reaction. 
The asymmetric bidentate (+)-58 was resolved by the method described for the resolution 
of the model bidentate (+)-54, showing identiCal behaviour in each of the steps. Use of the 
optically pure enantiomers of (+)-58 for the cyclisation resulted in 66% yields of the optically 
active macrocycles, together with a 13% yield of the optically active 7 -membered ring. This 
was the first report of an optically active macrocycle in which the optical activity was due to 
the donor stereocentres and not to the presence of a chiral carbon skeleton.74,75 
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1.4.3.2 The trans-As2N2 System 
In this work, 14-membered trans-A~N2 macrocycles were prepared via the bidentate 
precursor ligands (+)-62 and (+)-63. 
Me 
N~ 
cCNMe As NH2 
sSL....! 
((
OH ~I 
As NH2 
. sS '---I 
Me Me 
(±) -62 (±)-63 
The macTocycle precursor, (+)-62, was prepared in >800/0 yield in ca 40 g batches as 
outlined in Scheme XIX. 
Scheme XIX 
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r 
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When (+)-1,3-dimethyl-2-[2-[methyl(2-aminoethyl)arsino]phenyl]imidazolidine, (+)-62, 
was heated at ca 80°C for several hours in vacuo, the meso fonn of the diimine macrocycle, 
(R* ,5*)-64, was formed stereospecifically and in quantitative yield (with elimination of 
ethane-l,2-bis(methylamine). 
(R* ,5*)-64 
It is noteworthy that the 14-membered macrocycle (R* ,5*)-64 was formed without the 
use of a metal-template or the high dilution technique. The macrocyclic diimine was 
converted into the corresponding diamine (R* ,S*)-65 by treatment with LiAIH4 (Scheme 
XX). 
Scheme XX 
(R* ,S*)-64 
------ Me \\ 
vv, As N 
o Me~H (S ~j 
_~ As Flu"",111 Me I~ 
(R* ,S*)-65 
I I 
(±)-66 
o Me~ ~As NH 
I I 
(±)-67 
..... 
A trace of acid converted the achiral meso-diimine, (R* ,s*)-64, into the chiral 
mono-imine (+)-2,3-dihydro-l-methyl-4, I-benzazarsepine, (+)-66, in solution. The 
mono-imine, however, spontaneously and stereospecifically dimerised back into the 
meso-diimine upon removal of the solvent, although it was trapped as 'the corresponding 
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mono-amine (+)-2,3,4,5-tetrahydro-l-methyl-4,1-benzazarsepine by reduction with LiA1H4. 
Because of the spontaneous dimerisation of (+)-62 into meso macrocyc1e, precursor 
(+)-62 was unsuitable for template cyclisation. An alternative strategy involved the 
preparation of the alcohol (+)-63 as shown in Scheme J09. 
Scheme XXI 
2. 2 Na/liq.NH3 
3. H20 
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Bidentate (+)-63 was resolved by the method of metal complexation as described for the 
bidentate (+)-53 and the enantiomers were liberated by treatment of the internally 
diastereomeric palladium(ll) complexes with ethane-l ,2-diamine. The strategy for the 
cyclisation, however, required the oxidation of the hydroxymethyl group; this was carried 
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out on the coordinated ligand in the pure diastereomer. This approach had the additional 
advantage of coordinatively protecting the tertiary arsine group from oxidation.76,77 Barium 
manganate was used to generate the aldehyde [S-(R*,S*)]-68, as shown in Scheme XXII. 
Scheme xxn 
.. 
H 
[S-(R* ,S*)]-68 
1\ 
MeNH HNMe 
.. 
[S-(R* ,s*)]-69 
It was anticipated that protected aldehyde [S-(R* ,s*)]-69 could be prepared by treatment 
of [S-(R* ,s*)]-68 with ethane-l,2-bis(methylamine), and then displaced from the metal and 
dimerised thennally (as for the macrocyclic diimine (R* ,s*)-64). Treatment of 
[S-(R* ,s*)]-68 with ethane-l,2-bis(methylamine) in the presence of molecular sieves (to 
remove water liberated in the condensation), however, resulted in the fonnation of 
[S-(R* ,R* ,S*)]-70 in ca 80% yield as shown in Scheme XXIII. 
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Schemexxm 
+ 
1\ 
MeNH HNMe 
H 
[S-(R* ,S*)]-68 
[S-(R* ,R* ,S*)]-70 
The optically active macrocyclic diimine foimed unexpectedly by asymmetric synthesis, 
although the mechanism proposed (Scheme XXIV) involves a non-template cyclisation (as in 
the case of (R* ,5*)-64). 
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Scheme XXIV 
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The product of the cyclisation, [S-(R*,R* ,S*)]-70, exists as two interconvertible 
isomers, one orange, the other yellow. 
(R ,S ,R)-70 
Yellow 
' 9u ,I Me M~ Melli"" .. s I 
R N 'As N ' 
H W'\" "" + ~-- /1 -Pd~ s) PF6 
.:;:? ~ N As I I ""'111 Me 
(S ,S ,R)-70 
Orange 
Single crystal X -ray structure determinations of the two isomers of 70 revealed that in 
yellow (R,S ,R)-70 the palladium stereochemistry is distorted square-planar with the 
macrocycle acting as an AsN bidentate. In orange (S,S,R)-70.0.5M~CO the palladium 
atom is trigonal-bipyramidal with the rnacrocyc1e acting as an A~N tridentate. 
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The optically active diimines were stereospecifically liberated by treatment of the yellow or 
orange forms of the appropriate diastereomeric complexes with (R* ,R*)-(+)-1,2-phenylene-
bis(methylphenylphosphine), (R* ,R*)-43; the corresponding macrocyclic diamines were 
prepared by LiAIH4 reduction of the diimines. The racemic diamine macrocycle was 
prepared by a metal assisted stereospecific transformation of the meso diamine macrocyclic 
complex (R* ,S*)-72, as shown in Scheme XXV. 
Scheme XXV 
MeS\H 
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1# ~I 
[R-(R* .R*)]-72 [S-(R* .R*)]-72 
The racemic diamine was liberated from the paUadium(ll) complex by treatment with 
KeN. 
1.5 Aim of Present Work. 
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The aim of this work was to investigate the synthesis of the related trans-P2S2 macrocyde 
employing the strategy successfully adopted for the trans-A~S2 system (Section 1.4.2). The 
synthesis was to be based upon the use of metal complexation as a means of modifying and 
controlling organic reactivity. Use of a chiral bidentate precursor ligand was expected to 
result in the synthesis of the racemic (R* ,R*) and meso (R*,S*) forms of the trans-P2S2 
macrocyc1e. Both fOTITIS of the macrocyde were expected to be powerful chelates for "soft" 
metals. 
Another aspect of the work was to investigate the synthesis and properties of macrocyc1e 
precursor bidentates that would lead to trans-P2N2 macrocycles via the metal-template 
approach. The metal complexation method of resolution was to be applied to the 
resolution of the functionalised PN bidentate precursors. An understanding of the system 
was envisaged to lead ultimately to the preparation of the fIrst optically active trans-P2N2 
macrocycles. 
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CHAPTER 2 
METAL-TEMPLATE SYNTHESIS OF trans-P2S2 
MACROCYCLES 
2.1 Strategy of Synthesis of trans-P2S2 Macrocycles 
No metal-template synthesis of a trans-P2S2 macrocycl~ has hitherto been reported. Our 
goal was to prepare the meso and racemic stereoisomers of the chelating trans-P2S2 
macrocyc1e shown in Figure 5, with use of the metal-template approach. 
(') 
Me~ 
cP SR) 
S P .. 
U",'III I" # 
(R* ,S*)-73 
Me 
[S-(R* ,R*)]-73 
Figure 5. Diastereomers of trans-P2S2 macr6cycle 73. 
[R-(R* ,R*)]-73 
The strategy to be used involved the preparation of a bidentate precursor of type 74, 
which could be dimerised into 73 as indicated in Scheme XXVI. 
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Scheme XXVI 
2 
(-Y) 
74 73 
The strategy fulfils three requirements for metal-template synthesis of a trans-P2S2 
macrocyc1e: 
a) The bis(bidentate) precursor complex has a square-planar geometry in which the chiral 
phosphorus donors are coordinated trans to one another. 
b) The precursor ligand has benzyl substituents that can act as the leaving group for 
displacement by the terminal sulphido atom of the neighbouring precursor bidentate. 
c) Liberation of the resulting macrocyclic ligand from the metal could be effected 
stereospecifically with retention of configuration at phosphorus. 
Precursor ligand (+)-75 was considered to be a good candidate for the synthesis because 
the analogous tertiary arsine ligand had been used successfully for the preparation of related 
macrocyc1es containing asymmetric arsenic donors.57•7! Benzyl methyl ethers are stable 
under the reaction conditions required to synthesise the precursor ligand, but they can be 
converted in high yield into benzyl bromides with boron tribrornide.73 
The overall strategy is depicted in Scheme XXVll. 
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2.2 Ligand Synthesis. Preparation of Precursor Ligand (+)-l-Mercapto-
2-[(2-methoxybenzyl)methyl phosphino ]ethane 
The precursor ligand (+)-75 was prepared as indicated in Scheme XXVIII. 
SchemeXXvrn 
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The initial step involved the free radical broInination of 2-bromotoluene to give 
2-bromobenzyl bromide; displacement of the aliphatic bromide in this compound by 
methoxide (sodium methoxide in methanol) gave 2-bromobenzyl methyl ether. The addition 
of phosphorus to the ring was achieved by an Arbuzov-Michaelis-type reaction in which the 
2-bromobenzyl methyl ether was reacted with triethylphosphite in the presence of anhydrous 
nickel(II) chloride at 155°C for 43 h, giving 2-methoxybenzyldiethylphosphite, 76, in ca 
56% yield, as a colourless viscous oil.79 The 1 H NMR spectrum of 76 in CDC13 exhibits 
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a triplet at 8 1.33 (OCH2Me), a singlet at 8 3.47 (OMe), a multiplet at 84.08-4.14 
(OCH2Me) and a singlet at 8 4.79 (benzylic CH2). The aromatic protons appeared as a broad 
multiplet at 8 7.33-7.98. 
Reduction of 76 with LiAIH4 in the presence of Me3SiCl35 afforded 77 in 76% yield, as 
a foul-smelling colourless oil. The primary phosphine ignites spontaneously in air. The IH 
NMR spectrum of 77 in CDCl3 exhibits a singlet at 8 3.38 (OMe), a doublet at 8 3.88 (PH2, 
2JPH = 205.6 Hz), a singlet at 8 4.49 (benzylic CH2) and aromatic resonances between 8 
7.17-7.52. 
The penultimate step in the sequence involved the monomethylation of 77. This was 
achieved by treating 77 with 1 equiv. of n-BuLi in tetrahydrofuran at -78°C and adding the 
resulting phosphide to 1 equiv. of methyl iodide. Secondary phosphine (+)-78 was obtained 
in 83% yield as a colourless air-sensitive oil with a foul smell. The IH NMR spectrum of 
(+)-78 in CD2Cl2 exhibits a doublet of doublets at 8 1.35 (PMe, 2JPH = 3 Hz, 3JHH = 7.5 
Hz), a singlet at 83.36 (OMe), a doublet of quartets at 8 4.14 (PH, 2JPH = 212 Hz, 3JHH = 
7.6 Hz), a multiplet at 8 4.53 (benzylic CH2), and a multiplet at 8 7.12-7.52 (aromatics). 
The addition of ethylene sulphide to the lithiated secondary phosphine (+)-78 followed by 
protonation of the intermediate thiolate with ammonium chloride gave macrocyc1e precursor 
(+)-75 in 87 % yield, as a colourless air-sensitive oil. The 1 H NMR spectrum of (+)-75 in 
CD2Cl2 (Figure 6) exhibits a doublet at 8 1.30 (PMe, 2JPH = 4.14 Hz), a multiplet at 8 
1.54-1.72 (SH), a multiplet at 8 1.89-2.11 (PCH2), a multiplet at 8 2.43-2.64 (SCH2), a 
singlet at 8 3.39 (OMe), a multiplet at 84.59-4.75 (benzylic CH2), and a multiplet at 8 
7.20-7.55 (aromatics). The 31p NMR spectrum in CD2Cl2 exhibited a singlet at 8 -51.03. 
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Figure 6. 1 H NMR spectrum of (+)-1-mercapto-2-[(2-methoxybenzyl)methylphosphino]-
ethane, (+)-75, in CD2C12. 
2.3 Preparation of Potential Metal Template Complexes 
2.3.1 Introduction 
The groups of Schwarzenbach4 and Issleib80 have carried out extensive work on the 
reactions of chelating deprotonated mercaptoalkyl-substituted phosphines with transition 
metal ions of the cobalt and nickel triads. The ligands sequester bi- and tri-valent metal ions 
to give neutral complexes that contain tenninal thiolato donors. 
For our work, we were interested in preparing square-planar complexes in which the 
.. 
tertiary phosphorus donors were coordinated trans to each other. Neutral square-planar 
complexes of the type [M(PShJ can be prepared by reacting a suitable metal salt with 
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an appropriate mercaptoalkyl-substituted phosphine ligand in the presence of base. The aim 
of earlier work was concerned with the characterisation and the reactivity of the metal 
chelates, but not with stereoelectronic effects that affect the distributions of proouct 
diastereomers. We needed trans complexes as templates for the synthesis of the desired trans 
macrocycles. 
The frrst indication of the importance of stereoelectronic effects in complexes of these 
types was reported recently.81 Bis(chelate) complexes of bivalent nickel, palladium, and 
platinum with deprotonated (2-mercaptoethyl)methylphenyl-arsine and -phosphine were 
found to display an unusually high lability with respect to ligand redistribution, with mixtures 
of up to four diastereomers of the complexes arising in certain cases. 
In this work, macrocycle precursor ligand (+)-75 has been used to prepare square-planar 
complexes of the type [M(PSh] for M = nickel(m and platinum(II). (The palladium(ID 
complex could not be obtained in pure form, due to side reactions in which the nucleophilic 
thiolato-S atom is believed to coordinate to a second metal centre resulting in the formation of 
polynuclear species). 82,83 The stereochemistry and dynamic behaviour of the bis(chelate) 
complexes in solution have been investigated using 1 H and 31 P NMR spectroscopy in an 
attempt to understand the importance of stereoelectronic effects in the nickel(II) and 
platinum(II) complexes. 
2.3.2 Stereochemical Considerations 
For the system under investigation, diastereomerism can arise from two sources: 
a) Cis-trans isomerism arises from the relative arrangement of the like pairs of donor 
atoms (electronic contribution). 
b) Racemic-meso diastereomerism arises from the relative arrangement of the absolute 
configurations of the two asymmetric phosphorus donors in each of the cis and trans 
isomers (steric contribution) . 
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Thus, square-planar complexes containing two equivalents of deprotonated (+)-75 may 
exist as mixtures of up to four cliastereomers: racemic-cis, racemic-trans, meso-cis and meso-
trans, as depicted in Figure 7. 
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Figure 7. Diastereomers of square-planar complexes of the type [M(PSh]. (The aryl 
groups on each of the asymmetric tertiary phosphorus stereocentres have been omitted for 
clarity). 
The situation seen in Figure 7 arises with bidentates having C1 symmetry (asymmetric 
bidentates). In order to understand the stereoelectronic effects in the complexes it was 
necessary to determine the proportions of the various diastereomers present for each metal 
under given sets of conditions. The use of the asymmetric bidentate (+)-75 would provide a 
..... 
.. 
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probe of the metal-ligand bond strength. Cis-trans isomerism in the complexes may be either 
intra- or inter-molecular, but racemic-meso interconversion is necessarily intermolecular and 
is therefore a measure of the extent of ligand redistribution in a given system. 
2.3.3 Synthetic Strategy. 
Bis(bidentate) derivatives of nickel(lI) and platinum(II) were prepared with the racemic 
form of 75. Cis and trans isomers of each complex were readily identified by IH NMR 
spectroscopy because of the presence of the PMe group. The PMe resonance in cis 
complexes of this type appears as a doublet (2Jpp = ca 0 Hz) or as a "filled-in" doublet 
(0 < 2Jpp « 12JPH + 4Jp'H I). In trans complexes, virtual coupling between the trans 
phosphorus nuclei gives rise to deceptively simple triplets ( 2Jpp.» I 2JPH+ 4Jp'HI ).84 
Furthermore, the value of IJPtP is diagnostic of geometry in platinum complexes.85 
For both complexes studied, trans diastereomers were found to exhibit PMe chemical 
shifts downfield of those of the corresponding cis diastereomers. The identification of the 
racemic and the meso diastereomers was facilitated by the consideration of the shielding 
effects of the aryl groups on the neighbouring methyl groups (Figure 7). Clearly, the methyl 
groups of the racemic-cis diastereomers will experience greater shielding than those of the 
racemic-trans diastereomers. Thus, racemic-cis diastereomers will exhibit PMe chemical 
shifts to highest field on this basis. The ordering of the chemical shifts in the trans 
diastereomers cannot be predicted simply. In a study of related complexes derived from 
(2-mercaptoethyl)methylphenyphosphine, however, it was found that the PMe resonance of 
the racemic-trans diastereomer occurred up field of the resonance for the corresponding 
meso-trans diastereomer.81 In that work, the ordering of the PMe chemical shifts for the 
four diastereomers was found to be racemic-cis (highest field), meso-cis, racemic-trans, and 
meso-trans. 
..... 
2.3.4. Metal Complexes 
a) Nickel(II) Complex 
The nickel(ll) derivative was prepared by adding a solution of [Ni(H20)6](N03h in 
methanol to a solution containing 2 equiv. of (+)-75 in the same solvent in the presence of 
base (NaOH, 2 equiv.). The neutral product precipitated from the reaction mixture as a 
purple-coloured air-stable solid. The 1H and 31p NMR spectra of the crude material were 
recorded prior to recrystallisation. 
The 200 MHz 1H NMR spectrum of the freshly prepared sample of [Ni(PS)2l, 80, in 
CD2Cl2 at 20°C exhibited a sharp 1:2:1 PMe triplet in CD2Cl2 centred at 8 1.76 
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(JpH = 7.1 Hz) and a sharp 1:2:1 PMe triplet centred at 8 1.81 (JpH = 6.3 Hz), which 
indicated a mixture of two diastereomers with trans stereochemistries. The peaks were of 
equal intensity and the spectrum did not change over ca 24 h. The 31p NMR spectrum was 
consistent with the IH NMR results, exhibiting two singlets of equal intensity at 8 49.99 and 
8 51.07. 
When the initial mixture was taken up in dichloromethane and the solution was diluted 
with diethyl ether, large dark purple crystals separated in 25 % yield. The crystalline product 
was shown by 1H and 31 P NMR to be a single diastereomer. The second diastereomer could 
not be obtained in pure form. The IH NMR spectrum of the pure diastereomer exhibited a 
sharp 1 :2: 1 PMe triplet centred at 8 1.81. This is the downfield signal in the initial mixture. 
In the work with the related complex derived from (+)-(2-mercaptoethyl)methylphenyl-
phosphine, this signal corresponded to the meso-trans diastereomer.81 We therefore 
consider that crystalline 80 has the meso-trans stereochemistry. The 31 P NMR spectrum in 
CD2Cl2 exhibits a sharp singlet at 8 49.99. 
A solution of the pure meso-trans diastereomer in CD2Cl2 after ca 5 h at 20°C, however, 
exhibits an additional 1 :2: 1 PMe triplet at 8 1.76. At equilibrium, to.5 ca 20 h, both peaks 
were of equal intensity (ftrst order asymmetric transformation).31 The complexes begin to 
decompose in dichloromethane after ca 4 days at 20 DC. No evidence was found for the 
..... 
· 
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formation of the corresponding cis diastereomers. 
b) Platinum(ln Complex 
The reaction of (+)-75 with K2[PtCI4] in the presence of NaOH yielded a pale yellow 
product that was shown to consist of a mixture of four diastereomers. The 1H NMR 
spectrum of the freshly prepared complex [pt(PS)V, 81, in CD2Cl2 exhibits a multiplet in 
the region 8 1.63-2.15 due to the PMe groups, but the 31p NMR spectrum of the compound 
clearly shows four triplets at 836.45 (2JptP = 2707 Hz), 837.07 (2Jptp = 2713 Hz), 845.92 
(2JptP = 2689 Hz), and 8 46.14 (2JptP = 2670 Hz), in the ratio 1: 1 :4:3 respectively. The 
spectrum did not change over ca 24 h. 
When the initial mixture was taken up in dichloromethane and the solution was diluted 
with diethyl ether, lemon yellow crystals separated. The crystals were shown (by 1 Hand 
31p NMR spectroscopy) to consist of a 1:1 mixture of racemic-trans and meso-trans 
diastereomers. The 1H NMR spectrum of the crystals dissolved in CD2Cl2 exhibited a sharp 
1 :2: 1 PMe triplet centred at 8 1.87 and a second sharp 1 :2: 1 PMe triplet centred at 8 1.91. 
The 31p NMR spectrum in CD2Cl2 was found to exhibit two triplets at 8 45.92 (2JptP = 2689 
Hz) and 846.14 (2JptP = 2670 Hz) of equal intensity. The spectra did not change over ca 
24 h. 
When the racemic-trans/meso-trans mixture was taken up in dichloromethane and the 
solution was diluted with diethyl ether, yellow crystals formed. This material was 
subsequently found to be the pure racemic-trans diastereomer (the 1H NMR spectrum in 
CD2Cl2 exhibits a sharp 1 :2: 1 PMe triplet centred at 8 1.87 and the 31 P NMR spectrum in 
CD2Cl2 exhibits a triplet at 8 46.14 (lJPtp = 2670 Hz)). The spectra were unchanged after ca 
48 h, but decomposition of the complex occurred after 6 days at 20°C. 
-
.-
2.4 Cyclisation Reactions 
In Section 2.3 it was shown that neutral square-planar complexes of the type [M(PShJ 
undergo metal ion-dependent ligand redistribution. The nickel(II) complexes are relatively 
labile with ligand redistribution occurring with to.5 ca 12 h at 20°C. The platinum(II) 
complexes are inert to ligand redistribution, but they begin to decompose in solution after 
several days. For nickel (II), only trans isomers were found and for platinum(II) trans 
isomers were the predominant species. 
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Following the strategy outlined in Scheme XXVII (p. 42), treatment of the bis(bidentate) ( p. 4 2, ~:" Pl: ) 
precursor complex 79.rith BBr3 in dichloromethane, followed by I M NaOl\aq.) and 
KCN(aq.) , resulted in a white solid containing both meso (R*,S*) and racemic (R* fl* ) 
diastereomers of the desired trans-P2S2 macrocycle 73. The white solid was purified by 
chromatography on silica gel giving the pure diastereomers as colourless crystalline solids. 
The 7-membered cyclic phosphine (+)-82 was also isolated from the crude reaction product. 
(R* ,5*)-73 [S-(R* ,R*)]-73 
~~I Me ~ p S 
I I 
(±)-82 
[R- (R* ,R*)] -73 
-
',-
--
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The three cyclic phosphines are air-stable compounds (in contrast to the precursor 
(+)-75). The racemic 14-membered macrocycle (R* ,R*)-73 crystallises from dichloro-
methane as colourless needles. It is insoluble in diethyl ether, acetone, and n-hexane, but it 
is very soluble in dichloromethane and chloroform. The IH NMR spectrum of (R* ,R*)-73 
in CD2Cl2 is shown in Figure 8. 
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Figure 8. IH NMR spectrum of (R* ,R*)-73 in CD2C12. 
The signal due to the PMe group appears as a sharp doublet at 8 1.18 (2JpH = 4.39Hz). 
The spectrum also exhibits a multiplet at 8 1.75-2.56 (CH2CH~, a multiplet at 8 3.48-4.68 
(benzylic CH2), and an aromatic proton multiplet at 8 7.06-7.34. The 31p NMR spectrum in 
CD2Cl2 exhibits a singlet at 8 -53.30. 
The meso diastereomer of the macrocycle, (R* ,5*)-73, crystallises more readily than the 
racemic diastereomer from dichloromethane, as colourless needles. It is insoluble in diethyl 
ether, acetone, and n-hexane, but it is soluble in dichloromethane and chloroform. The IH 
NMR spectrum of (R* ,5*)-73 in CD2C12 is shown in Figure 9. 
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Figure 9. IH NMR spectrum of (R*,S*)-73 in CD2Cl2. 
The 1 H NMR spectrum of (R* ,S*)-73 is similar to that of (R* ,R*)-73 in the same 
solvent, exhibiting a sharp doublet at 8 1.19 (PMe, 2JPH = 4.39 Hz), a multiplet at 8 
1.54-2.49 (CH2CH2), a multiplet at 8 3.50-4.82 (benzylic CH2), and a multiplet at 8 
7.06-7.34 (aromatics). The 31p NMR spectrum in CD2Cl2 contains a singlet at 8 -53.05. 
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The 7-membered species (+)-82 was isolated initially as a colourless viscous oil, but upon 
standing, it crystallised slowly into a white solid. The structure of (+)-82 was assigned on 
the basis of a molecular weight detennination of the compound in dichloromethane 
(calculated 196.2, found 194). The compound is insoluble in diethyl ether and n-hexane, but 
it is soluble in dichloromethane and chlorofoffil. As shown in Figure 10, the IH NMR 
spectrum of (+)-82 in CD2C12 exhibits a doublet at 8 1.41 (PMe, 2JPH = 3.17 Hz), a 
multiplet at 8 1.87-2.06 (CH2CH0, a multiplet at 8 3.62-4.35 (benzylic CH2), and a 
multiplet at 87.06-7.31 (aromatics). The 31p NMR spectrum in CD2Cl2 has a singlet at 8 
-31.97. 
-
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Figure 10. IH NMR spectrum of (+)-82 in CD2C12. 
The optimum reaction conditions employed in the cyclisation reaction were very similar to 
those employed for the preparation of the corresponding trans-As2S2 macrocycle 59 
(Section 1.4.3.1). Thus, when a solution of [Pt(PShJ in dichloromethane was treated with 
BBr3 (ca 7 equiv.) at 20°C and the reaction mixture was stirred for 2 h at the same 
temperature, and then for 16 h at 40 °C, all three cyclic products were obtained, although the 
yields were low; (R* ,R*)-73, ca 1 %; (R*,S*)-73, ca 0.5%; (-:+-)-82, ca 6%. (When 
[Ni(PShJ was used for the cyclisation the yields of cyclic products were significantly lower) . 
In the arsenic system an excess of BBr3 gave optimum yields of products. In this work, 
however, it was found that the major product of the reaction was the cyclic phosphine 
adduct, (+)-83. 
-
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(±)-83 
Compound (+)-83 was purified by chromatography on silica gel; the compound was 
obtained as an air-stable crystalline solid in up to 76% yield. It crystallises from 
dichloromethane as colourless plates. It is insoluble in diethyl ether and n-hexane, but it is 
soluble in dichloromethane and chloroform. The monomeric structure for (+)-83 was 
assigned on the basis of a molecular weight determination of the compound in dichloro-
methane (calculated 446, found 455). The IH NMR spectrum of (+)-83 in CD2Cl2 is 
depicted in Figure 11. 
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Figure 11. IH NMR spectrum of (+)-83 in CD2C12. 
55 
The IH NMR spectrum exhibits a doublet at 82.00 (PMe, 2JPH = 10.99 Hz), a multiplet 
-
--
at 8 2.61-3.21 (CH2CHV, an AB quartet at 8 3.65, 4.68 (benzylic CHb lIHH = 15.14 Hz), 
and a multiplet at 8 7.35-7.91 (aromatics). The 31p NMR spectrum in CD2Cl2 displays a 
quartet at 8 1.22 (lIpB = 148.51 Hz). 
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The nature of p~ B bonding has been investigated and compared with that of As~ B 
bonding.86,87 The As~B interaction is relatively weak. Consequently, the fonnation of the 
trans-As2S2 macrocycles proceeded without BBr3 adduct formation being detected. In the 
P2S2 system, highly stable BBr3 adducts fonn in the presence of excess BBr3' The 
synthesis of (+)-83 may proceed via (+)-84 as shown in S.cheme XXIX. 
Scheme XXIX 
(±)-84 (±)-83 
Although (+)-84 was not isolated, it has been proposed as an intennediate for the 
following reasons: 
a) It has been reported that BBr3 cleaves certain ether bonds at -78°C, 88-90 but in the 
work on the As2S2 macrocycles no cyclic products were obtained after treatment of the 
precursor complexes with BBr3 at 20°C for 18 h. The lack of cyclisation was attributed 
to the coordination of BBr3 to the coordinated thiolato groups in the precursor complex 
which prevented S-alkylation.91 Heating the reaction mixture at 40°C for 16 h apparently 
releases the BBr3 allowing cyclisation to proceed. 
-
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b) Small quantities of the alcohol (+)-85 were isolated from the AS2S2 cyc1isation 
reaction. 
OCOH 
C
PMe 
SH 
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In this work, when one equiv. of BBr3 per methyl ether group was used for the 
cyclisation the major product was the alcohol (+)-86. Compound (+)-86 was purified by 
chromatography on silica gel. It is a foul-smelling viscous air-sensitive oil. The 31p NMR 
spectrum of (+)-86 in CD2Cl2 exhibits a singlet at 8 -50.84. 
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c) When an excess of BBr3 was used for the cyc1isation of the PS precursor the crude 
product before chromatography contained a major component with a 31p NMR signal in 
CD2C12 at 8 -50.75. Chromatography on silica gel of this component resulted in isolation 
of (+)-83, but no (+)-86. Compound (+)-84 was expected to have a signal in the 31p 
NMR spectrum similar to the alcohol (+)-86 in the same solvent and since silica gel is 
known for dehydration of certain alcohols, chromatographic purification of (+)-84 results 
-
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in the fonnation of the adduct (+)-83 by loss of water. 
Compound (+)-83 is remarkably resistant to base hydrolysis and remains unchanged in 
dichloromethane in the presence of 2 M NaOH at room temperature for 2 h. Treatment of the 
7-membered (+)-82 in dichloromethane with one equiv. of BBr3 results in the immediate 
fonnation of (+)-83. The structure of (+)-83 was determined by a single crystal X-ray 
anal ysis and is given in Figure 12. 
C15 
Br11 ~ 
P1 
, S1 
Figure 12. Molecular structure of (+)-83. (The structure was determined by Dr A. C. 
Willis of the Research School of Chemistry). 
',-
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Treatment of the precursor ligand (+)-75 with BBr3 under similar cyclisation conditions 
resulted in the fonnation of (+)-83, together with a small quantity of (+)-82 and with a 
significant amount of polymeric material. The desired macrocyc1es were not detected as 
products in this non-template synthesis. Furthennore, no cyc1ised products were detected 
when the cyclisation reaction was petformed in the absence of base. 
In the trans-As2S2 system the absence of meso macrocyc1e from the template synthesis 
was attributed to the overwhelming stability of the complex of the racemic macrocycle. In 
addition, molecular models indicated that the preferred thr~-dimensional geometry of the 
meso-trans precursor complex is one in which both oxygen atoms could occupy the axial 
positions of the metal complex, thus being deactivated towards attack by BBr3' 
In the corresponding racemic-trans precursor both oxygen atoms must compete for the 
same axial site thus making them more reactive towards bromination. Although the 
difference in yields of the meso and racemic macrocyc1es is not pronounced in the trans-
P2S2 system there are indications that the fonnation of the racemic stereoisomer is favoured 
over the meso stereoisomer. 1 H and 31 P NMR spectroscopy of the crude reaction products 
under optimum cyclisation conditions indicated the presence of racemic and meso 
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macrocyc1es in the ratio 3:1. (It is noteworthy that chromatography of the crude products on 
silica gel results in the retention of significant quantities of the macrocyc1es. This type of 
behaviour was also observed by Kyba and co-workers in their work on related compounds 
(Section 1.3)).29 
-
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In the trans-As2S2 work consideration was also given to the significance of the reactivity 
of BBr3 towards various methyl ethers. When ethers of the type ROCH3 (where R = alkyl 
or aryl) react with BBr3 the oxygen-methyl bond is cleaved to give the corresponding alcohol 
and methyl bromide.?3 
R-D-Me .. R-O-H + MeBr (R = alkyl, aryl) 
When a methoxy group is attached to a benzylic carbon., however, the reactive benzylic-
oxygen linkage is cleaved preferentially. Treatment of benzyl methyl ether with BBr3 under 
the cyclisation conditions used for the synthesis of the trans-As2S2 macrocycles resulted in a 
quantitative yield of benzyl bromide. 
II ~Br 
.# 
+ MeOH II 
OMe 
.. 
Isolation of the alcohol (+)-85 was considered to be a result of demethylation of the ether 
precursor during the cyclisation process. The free ether was presumed to undergo complete 
demethoxylation whereas in the complex there is a competition between the demethoxylation 
and demethylation pathways. For the meso precursor complex the latter process was 
considered to be more facile (lack of meso macrocycle in the product). Clearly demethylation 
of the ether linkage cannot lead to the desired products. Indeed, such a process could lead to 
the significant amounts of polymeric material observed in the trans-As2S2 work. These 
complicating factors may also apply in the trans-P2S2 synthesis. 
The isolation of (+)-82 from the cyclisation was not unexpected since the template 
complex [Ni(pS)i] is labile with regard to ligand redistribution (as is the corresponding 
[Pd(AsSh]). In the AsS case it was presumed that the life-time of the uncoordinated 
intennediate benzyl bromide species is sufficient for intramolecular cyclisation to occur. 
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The 7 -membered ring may also fonn by condensation ~ithin the precursor ligand on the 
metal. We have shown that (+)-82 readily forms a nickel (II) complex of the type 
[Ni {(+)-82 bJ(CI04h. 
When using meso-trans- and racemic-trans-[pt(PS)i1 as the template complex in the 
cyclisation, 7 -membered (+)-82 was formed in up to 6% yield. Pure racemic-trans-
[Pt(PShJ was found to be inert with regard to ligand redistribution in dichloromethane over 
48 h at room temperature (Section 2.3.4). Presumably, the formation of (+)-82 from the 
trans isomers of [Pt(PS)i1 is due to cyclisations within the coordinated precursor bidentate, 
since the platinum(II) precursor complex is inert to ligand dissociation. 
2.5 Thermal E pimerisation of Macrocycles 
When the pure racemic macTocycle (R* ,R*)-73 was heated in vacuo at 160 °C (mp 
141-143 °C) for 2 h and then cooled to room temperature, the 1 H NMR spectrum of the 
resulting crystalline solid in CD2C12 indicated a 60:40 mixture of meso and racemic 
diastereomers. It is known that tertiary phosphines undergo racemisation at elevated 
temperatures.8 No crystallisation of the higher melting meso diastereomer was observed 
during the heating process. 
-
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(R* ,R*)-73 (R* ,S*)-73 
When a sample of the pure meso macrocyc1e was heated at 205°C (mp 202-204 °C) for 10 
min and the melt was allowed to cool to room temperature, the 1 H NMR spectrum of the 
resulting crystalline solid in CD2Cl2 indicated a 70:30 mixture of meso and racemic 
diastereomers. The resulting diastereomeric ratio may be influenced by the different lattice 
energies of each isomer. The geometrical constraints imposed upon the phosphorus 
stereocentres by the ring structures do not appear to lead to an increase in the thermal banier 
to phosphorus stereocentre inversion. Thus, heating is a convenient methcx:i of obtaining the 
meso macrocycle (R* ,5*)-73 from the more readily available (R* ,R*)-73. 
2.6 Macrocyclic Nickel(II) Complexes 
The complexation properties of the racemic and meso macrocyc1es have been studied. 
Complexes of the type [NiL](CI04h were prepared from (R* ,R*)- and (R* ,5*)-73 by 
reacting the appropriate form of the ligand in dichloromethane with [Ni(H20 )6] (CI04h in 
acetone. The complex derived from (R* ,R*)-73 crystallised from acetone as orange rosettes 
in ca 80 % yield. For the cation [Ni {(R* ,R*)-73}]2+ three stereoisomers are possible as 
shown in Figure 13. 
-
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Figure 13. Diastereomers of the cation [Ni {(R* ,R*)-73} ]2+. 
The isomers with C2 symmetry will display one PMe signal in the 1 H NMR spectrum, 
whereas two PMe resonances would be expected for the diastereomer with C1 symmetry. 
The IH NMR spectrum of [Ni {(R* ,R*)-73 }]2+ displays a single PMe signal at 8 2.10 eJpH 
= 3.17 Hz) in dimethylsulphoxide-d6 . The 31p NMR spectrum of the complex in the same 
solvent is consistent with this result; a sharp singlet is observed at 842.66. Clearly only one 
diastereomer of C2 symmetry is present for this complex in solution, and on the basis of the 
structure found for [Ni {(R* ,R*)-73}] (CI04)2 in the solid state, the diastereomer in which 
both phosphorus donors have the R absolute configuration and both sulphur donors have the 
S absolute configuration is proposed for this cation in solution. Details of the single crystal 
X-ray structure analysis will be available following data refmement. 
-
-
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The complex derived from (R* ,5*)-73 crystallised from acetonitrile as yellow needles in ca 
90% yield. Three square-planar stereochemistries are also possible for the cation 
[N i { (R* ,5*)-73 } ]2+, as shown in Figure 14. 
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Figure 14. Diastereomers of the cation [Ni {(R* ,5*)-73 }]2+. 
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The isomers of Ci symmetry would be expected to display single PMe resonances in their 
IH NMR spectra, whereas two PMe resonances would be expected for the diastereomer of 
C 1 symmetry. The 1 H NMR spectrum of [Ni { (R* ,S*)-73 } ]2+ displays a single PMe signal 
at 8 2.10 (2JpH = 3.20 Hz) in dimethylsulphoxide-d6 . The 31p NMR·spectrum of the 
complex in the same solvent displays a singlet at 8 57.2. We therefore consider that one 
diastereomer of Cj symmetry is present for the meso complex in solution. 
Single crystals of the complex [Ni {(R* ,5'*)-73)] (CI04)2 have been grown and X-ray 
structure analysis is currently underway in order to determine the structure of the compound 
in the solid state. 
2.7 Partial Resolution of (+)-1-Mercapto-2-[(2-methoxybenzyl)methyl-
phosphino ]ethane 
The method of optical resolution of tertiary phosphines and arsines described in Section 
1.4.2 was employed for the resolution of (+)-75. Thus, when a solution of (+)-75 in 
dichloromethane was treated with one equiv. of the resolving agent (S)-47 in the presence of 
triethylamine, bridging ,u-thiolato epimers containing two ortho-metalated 
[(S)-[1-(dimethylamino)ethyl]-naphthyl-C2,N]palladium(II) resolving units per bridging 
[(1-methoxybenzyl)methylphosphino ]ethane-2-thiolato-P ,S ligand resulted (Scheme XXX). 
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The epimers (S,S,S,S,)-89 and (R,R,S,5,)-89 were separated by fractional 
crystallisation from a dichloromethane-petrol solution. The less soluble epimer crystallised 
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as yellow rosettes with [a]D + 301.1 0 (c 0.53, CH2C12). The more soluble epimer could not 
be crystallised. Treatment of the crystalline epimer (R,R,5,S,)-89 in dichloromethane with 
ethane-1,2-diamine in water resulted in the removal of the terminal resolving unit to give the 
mononuclear complex [R-(R* ,5*)]-90 of [a]D + 132.7 0 (c 0.21, CH2C12) (Scheme XXXI). 
,-
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Scheme XXXI 
en 
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[R-(R*,S*)]-90 
The absolute configuration of the phosphorus stereocentre in [R-(R* ,5*)]-90 was 
assigned on the basis of its IH NMR spectrum. A multiplet was exhibited at 86.71-6.78 due 
to the naphthyl y-proton. The use of this signal as a diagnostic aid for determining the 
stereochemistry in compounds of this type is elaborated in Chapter 3, Section 3.2. 
The optically pure enantiomer of the functionalised tertiary phosphine ligand, however, 
could not be liberated from complex [R-(R* ,5*)]-90 by cyanide. This result is consistent 
with the fmdings of earlier work on the non-functionalised bidentate (+)-(2-mercaptoethyl)-
methylphenylphosphine, (Section 1.4.2, Scheme XV).?1 Subsequent work on that system, 
however, has shown that alkylation of the thiolato-5 donor will allow displacement of the 
resulting bidentate ligand. Regeneration of the initial compound, (2-mercaptoethyl)methyl-
phenylphosphine, resulted in isolation of the optically pure enantiomers of the non-
functionalised bidentate, but as a consequence of this multi-step procedure the yield of 
optically pure ligand was low. 102 
In this work, the resolution of (+)-75 was expected to lead to the optically active fonns of 
the macrocycle 73. The low yields of macrocyclic ligands obtained here, however, along 
with the low yield of the optically pure enantiomers of the non-functionalised bidentate 
suggested that total resolution of (+)-75 was no longer feasible for our purposes. 
-
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2.8 Experimental Section 
2.8.1 General 
Reactions involving air-sensitive compounds were performed under a positive pressure of 
argon. All solvents were freshly distilled under argon prior to use. Diethyl ether, 
tetrahydrofuran, and benzene were distilled from sodium wire using benzophenone ketyl as 
indicator. Dichloromethane was dried using calcium hydride. Methanol and ethanol were 
dried using magnesium and iodine prior to distillation. Acetone was dried over molecular 
sieves. 1 H NMR spectra were obtained on Brucker CXP 200, Jeolco FX 200, and PMX 60 
spectrometers; chemical shifts are reported as 0 values relative to internal tetramethylsilane. 
31p NMR spectra were obtained on Varian VXR 300 S, Brucker CXP 200, and Jeolco FX 
60 spectrometers; chemical shifts are reported as ppm relative to external 85% phosphoric 
acid. Optical rotations were measured on the specified solutions in a 10 cm cell at 20°C with 
a Perkin-Elmer Model 241 polarimeter. Infrared spectra were obtained in Nujol mulls or 
liquid films between KBr or CsI plates with use of a Perkin-Elmer Model 683 
spectrophotometer. Mass spectra were recorded with a VG Micromass 7070 F (70 ev) 
instrument unless otherwise stated. Elemental analyses were performed by staff within the 
Research School of Chemistry. Optically active primary amines were purchased from Norse 
Laboratories Inc., Santa Barbara, California and were methylated by standard procedures.97 
Bis(Jl-chloro )bis-[(S)-2-[ 1-( dimethylamino )ethyIJnaphthyl-C2 ,N]dipa1ladium(II), (S)-47, 
was prepared from lithium tetrachloropalladate by treatment with one equiv. each of 
(S)-[1-(dimethylamino)ethyl]naphthalene and triethylamine in methanol (yield 92%). 
2-Bromobenzyl methyl ether was prepared by the literature method.98 Boron tribromide 
(99.99%) was purchased from Aldrich Chern. Co. Inc., U.S.A. and was transferred by 
syringe under argon. Molecular weight determinations of the cyclic products were 
determined by the Signer method of isothermal distillation.99 
2.8.2 Preparation of Precursor Ligand (+)-1-Mercapto-2-[(2-methoxy-
benzyl)methylphosphino]ethane 
(2-Methoxybenzyl)diethylphosphate,76. A mixture of 2-bromobenzyl methyl 
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ether (410 g, 2.0 mol) and anhydrous nickel(II) chloride (41 g) was heated at 155°C for 30 
min under an argon atmosphere. Triethylphosphite (339 g, 2.0 mol) was added slowly over 
a period of 1 h. The mixture was heated at 155°C with stirring for 40 h and then it was 
cooled to 20°C. The dark brown mixture was distilled (0.20 mmHg) to give some 
by-products (bp 50-90°C) and the desired product as a colourless viscous oil: bp 112-114 
°C, yield 252 g (56%). Anal. Calcd for C12HI90 4P: C, 55.8; H, 7.4. Found: C,55.8; 
H, 7.5. IH NMR (CDCI3): 8 1.33 (t, 6, OCH2Me), 3.47 (s, 3, OMe), 4.08-4.14 (m, 4, 
OCH2Me), 4.79 (s, 2, benzylic CH2), 7.33-7.98 (m, 4 aromatics). 3Ip NMR (CDCI3): 
8 18.38 (s). IR (neat): (up=o) 1245 cm-I, (Up_Ph) 1445 cm-I, (uAr-H, 4 adj) 760 cm-I. 
MS: m/e 258 a.m.u .. 
2-Methoxybenzylphosphine, 77. A suspension of LiAIH4 (15.0 g) in diethyl ether 
(500 mL) was cooled to -78°C and treated cautiously with Me3SiCI (52.5 g) with stirring. 
The mixture was allowed to warm to 20°C and was stirred for 2 h at that temperature, then it 
was re-cooled to -78°C and treated with a solution of 2-methoxybenzyldiethylphosphate, 
76, (30.0 g, 0.12 mol) in diethyl ether (150 mL). The mixture was allowed to warm to 
20°C, and stirring was continued for 36 h. The reaction mixture was cooled to 0 °C and 
cautiously treated with degassed water (120 mL). The resulting solid coagulated and the 
solution was separated by decantation. The pale grey solid was then washed with 
dichloromethane (5 x 50 mL) and the combined organic extracts were dried (MgS04), 
filtered, and the solvent was evaporated to leave a colourless residual liquid that was distilled 
to give the desired product as a colourless pyrophoric oil: bp 54°C (0.05 mmHg), yield 13.6 
g (76%). Anal. Calcd for CgHllOP: C, 62.3; H, 7.2. Found: C, 61.8; H, 7.2. IH NMR 
(CDCI3): 8 3.38 (s, 3, OMe), 3.88 (d, 2, 2JPH = 205.57 Hz, PH2), 4.49 (s, 2, benzylic 
CH2), 7.17-7.52 (m, 4, aromatics). 3Ip NMR (CDCI3): 8 -34.39 (s). IR (neat): (u-OMe) 
2820 cm-I, (Up_H) 2300 cm-I, (Up_Ph) 
1443 cm-I, (CH3 sym. deformation) 1380 cm-I, ('Uc-o) 1100 cm-I , (UAr-H, 4 adj) 750 cm-I , 
(CH2 rocking) 715 cm-I. 
70 
(+ )-(2-Methoxybenzyl)methylphosphine, (±)-78. A solution of (2-methoxy-
benzyl)phosphine, 77, (52.5 g, 0.34 mol) in diethyl ether (400 mL) w·as cooled to -78 °C 
and treated with a solution of n-BuLi in n-hexane (212.8 mL, 1.6 M, 0.34 mol) with stirring. 
The mixture was allowed to warm to 20°C with stirring. The orange phosphide solution was 
added dropwise to a solution of methyl iodide (48.34 g, 0.34 mol, 21.25 mL) in diethyl ether 
(250 mL) at -78°C with stirring. A white precipitate of lithium iodide resulted with loss of 
the orange colour. The mixture was allowed to warm to 20°C and was stirred for 16 h. The 
mixture was treated with water (200 mL) and the two phases were separated. The aqueous 
phase was washed with dichloromethane (5 x 100 mL) and the combined organic phases 
were dried (MgS04), filtered, and the solvent was evaporated giving a slightly turbid oil that 
was distilled to give the desired product as a colourless viscous air-sensitive liquid: bp 55°C 
(0.03 mmHg), yield 47.5 g (83%). IH NMR (CD2CI2): 0 1.35 (d of d, 3, 2JPH = 3 Hz, 
3JHH = 7.5 Hz, PMe), 3.36 (s, 3, OMe), 4.14 (d of q, 1, 2JPH = 212 Hz, 3JHH = 7.6 Hz, 
PH), 4.49-4.57 (m, 2, benzylic CH2), 7.12-7.52 (m, 4, aromatics). 3Ip NMR (CD2CI2): 0 
-79.36 (s). IR (neat): (u-OMe) 2820 cm-I, (up_H) 2300 cm-I, (CH3 sym. deformation) 1380 
cm-I , (UAr-H, 4 adj) 760 cm-I . MS: m/e 168.1 a.m.U. 
(+)-1-Mercapto-2-[(2-methoxybenzyl)methylphosphino]ethane, (+)-75. A 
stirred solution of (+)-(2-methoxybenzyl)methylphosphine, (+)-78 (35.6 g, 0.21 mol) in 
diethyl ether (400 mL) was cooled to -78°C and treated with a solution of n-BuLi in 
n-hexane (132 mL, 1.6 M, 0.21 mol). The mixture was allowed to warm to 20°C and was 
recooled to -78°C before treating with a solution of ethylene sulphide (12.7 g, 0.21 mol) in 
diethyl ether (200 mL). The mixture was warmed to room temperature and was stirred for 
2 h before being treated with a solution of ammonium chloride (15 g) in water (150 mL). 
The phases were separated and the aqueous phase was washed with diethyl ether 
(3 x 100 mL). The combined organic phases were dried (MgS04), filtered, and the solvent 
was evaporated to give the crude product, which was purified by distillation. The 
-
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desired product was obtained as a colourless air-sensitive viscous liquid; bp 98-100 °C (0.05 
mmHg), yield 42 g (87%). Anal. Calcd for CllH 170PS: C, 57.9; H, 7.5. Found: C, 
58.8; H, 7.5. 1H NMR (CD2CI2): 0 1.30 (d, 3, 2JPH = 4.14 Hz, PMe), 1.54-1.72 (m, 1, 
SH), 1.89-2.11 (m, 2, PCH2), 2.43-2.64 (m, 2, SCH2), 3.39 (s, 3, OMe), 4.59-4.75 (m, 
2, benzylic CH0, 7.20-7.55 (m, 4, aromatics). 3Ip NMR (CD2CI0: 0 -51.03 (s). IR 
(neat): (S -H stretch) 2560 em-I. MS: m/e 228.1 a.m.u. 
2.8.3 Preparation of Template Complexes 
[SP-4-2-(R*, R*)]-, [SP-4-2-(R*,S*)]-Bis-[(methyl(2-methoxymethyl) 
phenyl)phosphino )ethanethiolato-P, S]nickel(II), (R*, R*)-, (R*, S*)-80, 
racemic-trans-, meso-trans-[Ni(PSh]. A solution of [Ni(H20)6](N03)2 (1.50 g, 
5.17 mmol) in methanol (30 mL) was added slowly to a solution of (+)-75 (2.36 g, 10.34 
mmol) in methanol (30 mL) containing 1 M NaOH (10 mL). The mixture was heated under 
reflux for 1 h and it was then taken to dryness and redissolved in dichloromethane. The 
solution was washed with water (2 x 50 mL), dried (MgS04), filtered, and the solvent was 
removed by evaporation. The product was dried under high vacuum and was obtained as a 
mixture of two diastereomers: purple glass; mp 159-161 °C, yield 2.0 g (80%). Anal. 
Calcd for C22H3202P2S2Ni: C, 51.5; H, 6.3; P, 12.1. Found: C, 51.3; H, 6.6; P, 12.1. 
IH NMR (CD2CI2): 0 1.76 (t, 6, 2JPH = 7.1 Hz, PMe), 1.81 (t, 6, 2JPH = 6.3 Hz, PMe), 
2.01-2.72 (m, 16, CH2CH2), 3.48 (s, 6, OMe), 3.50 (s, 6, OMe), 4.85-5.62 (m, 8, 
benzylic CH0, 7.26-7.65 (m, 16, aromatics). 31p NMR (CD2CI2): 049.99 (s), 51.07 (s). 
MS: m/e 512.1 a.m.u. 
Isolation of meso-frans-[Ni(pSh], (R* ,.5*)-80. The diastereomeric mixture 
from the reaction above was dissolved in dichloromethane (20 mL) and the solution was 
diluted with diethyl ether; large dark purple crystals slowly deposited. The crystals were 
filtered off, washed with diethyl ether, and dried under high vacuum; mp 175-177 °C, yield 
0.5 g (25%). Anal. Calcd for C22H3202P2S2Ni: C, 51.5; H, 6.3; P, 12.1; S, 12.5; Ni, 
11.4. Found: C, 51.7; H, 6.6; P, 11.8; S, 12.4; Ni, 11.2. IH NMR (CD2CI2): 0 1.81 (t, 
' ,-
6, 2JPH = 6.3 Hz, PMe), 2.03-2.72 (m, 8, CH2CH2), 3.51 (s, 6, OMe), 5.11-5.56 (m, 4, 
benzylic CHz), 7.35-7.66 (m, 8, aromatics). 31p NMR (CD2CI2): 8 49.9718 (s). 
[SP-4-2-(R*, R*)]-, [SP-4-2-(R*, S*)]-, [SP-4-1-(R*, R*)]-, 
[SP -4-1-(R*, S*) ]-Bis[ (methyl(2-methoxymethyl)phenyl)phosphino)-
ethanethiolato-P, S]platinum(II), -81, racemic-trans-, meso-trans-, 
racemic-cis-, meso-cis-[Pt(PSh]. K2[ptCI4] (2.23 g, 5.39 mmol) in water (30 mL) 
was added dropwise to a solution of (+)-75 (2.46 g, 10.78 mmol) in ethanol (20 mL) 
containing 1 M NaOH (10 mL). After stirring for 4 h the solvent was removed from the 
reaction mixture on a rotary evaporator and the residue was redissolved in dichloromethane 
(50 mL), washed with water (2 x 50 mL), dried (MgS04) and filtered. The crude product 
was obtained from the organic extract as a mixture of four diastereomers: yellow glass; mp 
139-141°C, yield 3.0 g (86%). Anal. Calcd for C22H3202P2S2Pt: C, 40.7; H, 5.0; P, 
9.5; S, 9.9. Found: C, 40.6; H, 5.0; P, 9.9; S, 10.2. IH NMR (CD2CI2): 8 1.63-2.15 (m, 
24, PMe), 2.15-2.86 (m, 32, CH2CH2), 3.39 (s, 6, OMe), 3.43 (s, 6, OMe), 3.44 (s, 6, 
OMe), 3.49 (s, 6, OMe), 4.75-5.44 (m, 16, benzylic CH2), 6.95-7.82 (m, 32, aromatics). 
31p NMR (CD2CI2): 836.45 (t, IJPtP = 2707 Hz), 37.07 (t, IJptP = 2713 Hz), 45.92 (t, 
IJptp = 2689 Hz), 46.14 (t, IJptp = 2670 Hz). 
Separation of racemic-trans-[Pt(PSh], (R* ,R*)-81. The diastereomeric 
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mixture from the reaction above was dissolved in dichloromethane (20 mL) and the solution 
was diluted with diethyl ether. On standing, lemon yellow crystals separated. The product 
was filtered off, washed with diethyl ether, and dried under high vacuum to give a 1: 1 
mixture of racemic-trans- and meso-trans- diastereomers; mp 162-164 °C, yield 0.87 g 
(25%). IH NMR (CD2CI2): 81.87 (t, 6, PMe), 1.91 (t, 6, PMe), 1.99-2.85 (m, 16, 
CH2CH2), 3.43 (s, 6, OMe), 3.44 (s, 6, OMe), 4.75-5.44 (m, 8, benzylic CH2), 7.37-7.83 
(m, 16, aromatics). 31p NMR (CD2CI2): 845.92 (t, IJptP = 2689 Hz), 46.14 (t, IJptP = 
2670 Hz). 
The solvent was removed from the mother liquor and the residue was redissolved in 
dichloromethane (10 mL) and the solution was diluted with diethyl ether. A second crop of 
-
yellow crystals identical to those obtained above resulted: yield 0.51 g (15%). The 
combined diastereomeric mixture was redissolved in dichloromethane (20 mL) and the 
solution was diluted with diethyl ether, whereupon yellow crystals fonned. This material 
was filtered off, washed with diethyl ether, and dried under high vacuum to give the pure 
racemic-trans- diastereomer: mp 172-174 °C, yield 0.21 g (15%). Anal. Calcd for 
C22H3202P2S2Pt: C, 40.7; H, 5.0; P, 9.5; S, 9.9; Pt, 30.0. Found: C, 40.1; H, 5.1; P, 
9.6; S, 9.8; Pt, 30.0. IH NMR (CD2CI2): 0 1.88 (t, 6, PMe), 1.98-2.86 (m, 8, CH2CH2), 
3.43 (s, 6, OMe), 4.75-5.45 (m, 4, benzylic CH2), 7.36-7.81 (m, 8, aromatics). 31p NMR 
(CD2CI2): 046.14 (t, IJptp = 2670 Hz). 
2.8.4 Preparation of Cyclic Products 
(9R* ,18R*)-5,6, 7 ,9,14,15,16,18,-Octahydro-5, 14-dimethyldibenzo- [e,l] 
[1,8,4,11]dithiadi phosphacyclotetradecin, (R* ,R*)-73, 
(9R* ,18S*)- 5,6,7 ,9,14,15,16,18,-Octahydro-5,14-dimethyldibenzo-[e,l] 
[1,8,4,11]dithiadi phosphacyclotetradecin, (R* ,s*)-73, 
(+)-2-Methyl-2-phospha-5-thiabicyclo[5,4,O]nona-l,(7),8,lO-triene, (+)-82. 
(a) Platinum(In Template. 
AI: 1 mixture of racemic-trans- and meso-trans-81 (5.0 g, 7.7 mmol) was dissolved in 
dichloromethane (150 mL) and the solution was treated dropwise with BBr3 (5.0 mL, 
13.25 g, 52.9 mmol, 6.9 equiv.) over 5 min. The reaction mixture was stirred for 2 h at 
20°C and for another 16 h at 40 °C. At this stage, the mixture was cooled to room 
temperature and treated slowly with aqueous NaOH (100 mL, 1 M) over 30 min, followed 
by a solution of KCN (5 g) in water (25 mL). The mixture was stirred for 1 h and the 
colourless organic layer was separated. The aqueous layer was extracted with 
dichloromethane (2 x 50 mL) and the combined organic layers were washed with water, 
dried (MgS04), and evaporated to dryness. The white glassy material that remained was 
chromatographed on a Chromatotron under argon using silica gel (Merck 60 PF254) with 
dichloromethane-n-hexane (1:3 v/v) as eluent, giving three cyclic prooucts: 
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Fraction 1, (RF 0.6), (+)-82. The 7-membered monomer was obtained as a 
colourless oil that crystallised slowly on standing: white solid, mp 79-81 °C, yield 90 mg 
(6 %). Anal. Calcd for C1oH13PS: C, 61.2; H, 6.7; S, 16.3. Found: C, 60.2; H, 7.0; S, 
16.2. IH NMR (CD2CI:v: 8 1.41 (d, 3, 2JPH = 3.17 Hz, PMe), 1.87-2.06 (m, 2, SCH2), 
2.81-3.50 (m, 2, PCH2), 3.62-4.35 (m, 2, benzylic CH:v, 7.06-7.31 (m, 4, aromatics). 
31p NMR (CD2CI2): 8 -31.97 (s). Mr 194 (found), 196.2 (caled). 
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Fraction 2, (RF 0.5), (R* ,s*)-73. The meso macrocycle was obtained as a white solid 
that crystallised from dichloromethane as colourless needles, mp 202-204 °C, yield 14.5 mg 
(0.5 %). Anal. Calcd for C20.25H26.SP2S2Clo.s: C, 58.8; H, 6.5, S, 15.5. Found: C, 
58.7; H, 6.8; S, 16.0. IH NMR (CD2CI2): 8 1.20 (d, 6, 2JPH = 4.39 Hz, PMe), 1.54-2.49 
(m, 8, CH2CH2), 3.50-4.82 (m, 4, benzylic CH2), 7.32-7.59 (m, 8, aromatics). 31p NMR 
(CD2CI2): 8 -53.05 (s). Mr 386 (found), 392.5 (calcd). 
Fraction 3, (RF 0.3), (R* ,R*)-73. The racemic macrocycle was obtained as a white 
solid that crystallised from dichloromethane as colourless needles, mp 141-143 °C, yield 32 
mg (1 %). Anal. Calcd for C2oH26P2S2: C, 61.2; H, 6.7; S, 16.3. Found: C, 60.6; H, 
7.1; S, 15.9. IH NMR (CD2CI2): 8 1.18 (d, 6, 2JPH = 4.39 Hz, PMe), 1.75-2.56 (m, 8, 
CH2CH2), 3.48-4.68 (m, 4, benzylic CH2), 7.06-7.34 (m, 8, aromatics). 31p NMR 
(CD2CI2): 8 -53.30 (s); Mr 403 (found), 392.5 (calcd). 
Fraction 4, (Rp 0.5), (+)-83. The polarity of the eluent was increased (neat 
dichloromethane) and the BBr3 adduct (+)-83 was eluted: a white powder crystallised from 
dichloromethane as colourless plates: yield 2.6 g (76 %). Anal. Calcd for CloH13PSBBr3: 
C, 26.9; H, 2.9; P, 6.9; S, 7.2; Br, 53.7. Found: C, 26.3; H, 2.9; P, 7.0; S, 7.1; Br, 53.4. 
IH NMR (CD2CI2): 82.00 (d, 2JPH = 10.99 Hz, 3, PMe), 2.61-3.21 (m, 4, CH2CH2), 
3.65,4.68 (ABq, IJHH = 15.14 Hz, 2, benzylic CH2), 7.35-7.91 (m, 4, aromatics). 31p 
NMR (CD2CI2): 8 1.22 (q, IJpB = 148.51 Hz). Mr 455 (found), 446 (calcd). 
(+)-I-Mercapto-2-[(2-hydroxybenzyl)methylphosphino]ethane, (+)-86. 
Treatment of precursor complex 81 with 2 equiv. of BBr3 resulted in the isolation of (+)-86 
as the major product. Compound (+)-86 elutes in a very broad band using dichloromethane 
as eluent. It was obtained as a colourless viscous oil: yield 0.94 g (57 %). Anal. Calcd for 
C lOH 15PSO: C, 56.1; H, 7.1; S, 15.0. Found: C, 55.0; H, 7.0; S, 15.4. IH NMR 
(CD2CI2): 8 1.23-1.48 (m, 4, PMe, SH), 1.89-2.14 (m, 2, PCH~, 2.39-2.75 (m, 3, 
SCH2, OH), 3.60-4.18 (m, 2, benzylic CH2), 7.14- 7.54 (m, 4, aromatics). 31p NMR 
(CD2CI2): 8 -50.84 (s). 
IH and 31p NMR spectroscopy of the crude product from this reaction indicated the 
presence of trace quantities of cyc1ised species, but the yields were much lower than for 
reactions with excess BBr3' 
(b) Nickel(ll) Template. 
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When a 1: 1 mixture of racemic-trans- and meso-trans-SO was used for the cyclisation, the 
yields of macrocyc1ic products were significantly lower than for reactions with the 
corresponding platinum(II) templates. 
2.8.5 Macrocyclic Complexes 
[SP-4,1-[S-(IR* ,8R* ,4S* ,11S*)]]-[5,6,7 ,9,14,15,16,18-0ctahydro-
5,14-dimethyldibenzo[e,I][l,8,4,11]dithiadiphosphacyclotetradecin-S1,S8, 
p4'pll ]nickel(In Perchlorate, (Ss,ss,Rp,Rp)-87. 
A solution of racemic macrocyc1e (R* ,R*)-73 (5.926 mg, 0.015 mmol) in 
dichloromethane (1 mL) was added dropwise to a solution of [Ni(H20 )6] (CI04h (5.528 mg, 
0.015 mmol) in acetone (1 mL) with stirring. The solution immediately turned orange. 
During 30 min at room temperature the product separated as orange microcrystals. The pure 
product was obtained from acetone as orange rosettes: 6.92 mg (78 % yield); mp 258-
262°C. Anal. Calcd for C24H38P2S2C1201oNi: C, 35.7; H, 4.8; S, 15.9. Found: C, 34.5; 
H, 5.0; S, 15.2. IH NMR (Me2S0-d6): 82.10 (d, 6, PMe, 2JPH = 3.17 Hz), 1.58-3.52 
(m, 8, CH2CH2), 4.57-5.49 (m, 4, benzylic CH2), 7.12-8.01 (m, 8, aromatics). 31p NMR 
(Me2S0-d6): 842.66 (s) 
' ,-
[SP-4,1-[R-( 4R* ,IIS*)]]-[5,7 ,8,9,14,16,17 ,18-0ctahydro-
9,18-dimethyldi benzo[ e,l] [1,8,4,II]dithiadi phosphacyclotetradecin-S 1 ,S8, 
p4 'pI I ]nickel(ll) Perchlorate (Rp,5'p)-88. 
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A solution of meso macrocycle (R*,S*)-73 (18.170 mg, 0.046 mmol) in dichloromethane (3 
mL) was added dropwise to a solution of [Ni(H20 )6] (CI04)2 (17.054 mg, 0.046 mmol) in 
acetone (1 mL) with stirring. The solution immediately turned yellow. During 30 min at 
room temperature the product separated as yellow microcrystals. The pure product was 
obtained from acetonitrile as yellow needles: 25.10 mg (92 %); mp >327 °C. Anal. Calcd for 
C2oH26P4S2C1208Ni: C, 37.0; H, 4.0; S, 9.8. Found: C, 37.7; H, 4.1; S, 9.4. IH NMR 
(Me2S0-d6): 82.10 (d, 6, PMe, 2JPH = 3.20 Hz), 1.64-3.58 (m, 8, CH2CH2), 4.41-5.23 
(m, 4, benzylic CH2), 7.21-8.35 (m, 8, aromatics). 3lp NMR (Me2S0-d6): 857.2 (s) 
2.8.6 Partial Resolution of (+)-I-Mercapto-2-[(2-methoxybenzyl)methyl-
phosphino ]ethane 
Formation and Separation of Internal Diastereomers (S,5',5',S)-89 and 
(R,R,S,S)-89. 
A mixture of (+)-75 (1.56 g, 6.83 mmol), (S)-47 (5.21 g, 6.83 mmol) and triethylamine 
(2.6 mL) in dichloromethane (50 mL) was stirred until all of the resolving agent had 
dissolved. The yellow solution was washed with water (100 mL) (to remove [Et3NH]CI) and 
the organic phase was separated and dried (MgS04). After removal of solvent the mixture of 
epimeric palladium(m complexes was obtained as a yellow glass; yield 5.85 g, 6.71 mmol 
(98%). The less soluble epimer was obtained by recrystallisation of this mixture from 
dichloromethane-petrol (bp 60-80 °C) solution. The mixture was dissolved in 
dichloromethane (50 mL) and the solution was diluted with petrol (50 mL), whereupon the 
product crystallised as yellow rosettes (CH2CI2): mp 241-243 °C, yield 2.58 g, (79 %). 
[a]o +301.1 ° (c 0.53, CH2CI2). Anal. Calcd for C4oH500PC13N2SPd2: C, 50.2; H, 5.3; 
N,2.9. Found: C, 49.7; H, 5.4; N, 3.0. IH NMR (CD2CI2): 8 1.81 (d, 3, 3JHH = 6.20 
Hz, CHMe), 1.86 (d, 3, 3JHH = 6.20 Hz, CHMe), 2.41 (d, 3, 2JPH = 10.32 Hz, PMe), 2.81 
(s, 3, NMe), 2.82 (s, 3, NMe), 3.14 (s, 3, NMe), 3.15 (s, 3, NMe), 3.31-3.38 (m, 4, 
CH2CH2), 3.46 (s, 3, OMe), 4.21-4.40 (m, 2, CHMe), 4.51-5.72 (m, 2, benzylic CH2), 
6.77-8.11 (m, 16, aromatics).31P NMR (CD2CI2): 832.67 (s). 
[SP-4-3[R-(R*,S*)]]-[Dimethyl(1-(2-naphthyl)ethyl)-aminato-Cl,N]-
[(methyl(2-(methoxymethyl)phenyl)phosphino)ethanethiolato-P ,s]palladium 
(II), [R-(R*,S*)]-90. 
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A solution of the less soluble epimer (R,R,S,S)-89 (2.50 g, 2.61 mmol) in 
dichloromethane (50 mL) was stirred for 1 h in contact with one equiv. of ethane-1 ,2-
diamine (0.16 g) in water (50 mL). The organic phase was separated, washed several times 
with water, and dried (MgS04). After removal of solvent the product remained as a yellow 
glass that could not be induced to crystallise; yield 1.29 g, (93 %). [a]D +132.7° (c 0.214, 
CH2C12). Anal. Calcd for C25H32NOPSPd: C, 56.5; H, 6.1; N, 2.6. Found: C, 57.8; H, 
6.3; N, 2.8. IH NMR (CD2CI2): 8 1.82 (d, 3, 3JHH = 6.59 Hz, CHMe), 2.06 (d, 3, 2JPH = 
9.28 Hz, PMe), 2.31-2.98 (m, 4, CH2CH2), 2.80 (br s, 3, NMe), 2.93 (br s, 3, NMe), 
3.33 (s, 3, OMe), 4.34 (m, 1, CHMe), 4.70-5.57 (m, 2, benzylic CH2), 6.61- 7.78 (m, 10, 
aromatics). 
CHAPTER 3 
trans-P2N2 MACROCYCLES. 
SYNTHESIS AND RESOLUTION OF A POTENTIAL 
PRECURSOR LIGAND AND INVESTIGATIONS OF SYNTHETIC 
ROUTES TO RELATED COMPOUNDS 
3.1 Introduction 
It was envisaged that diastereomers and enantiomers of trans-P2N2 macrocyc1es of the 
type shown in Figure 15 could be prepared by the strategy adopted for the synthesis of the 
related arsenic macrocycles (Section 1.4.3.2). To date, no trans-P2N2 macrocycles are 
known. 
CR* ,5*)-91 [S-CR* .R*)]-91 [R-(R* .R*)]-91 
CR* .5*)-92 [S-(R* .R*)]-92 [R-(R* .R*)]-92 
Figure 15. Diastereomers of trans-P2N2 macrocycles 91 and 92. 
78 
79 
Furthennore, the method of resolution of tertiary phosphines and arsines described earlier 
(Section 1.4.2) was expected to apply to the resolution of functionalised trans-P2N2 
macrocycle precursor bidentates. The resolution of a related non-functionalised bidentate has 
been reported recently.69 If the required precursor ligand could be resolved it was envisaged 
that the first optically active trans-P2N2 macrocycle could be prepared by a metal-template 
dimerisation. 
3.2 Resolution of (+)-(2-Aminopheny!)methylphenylp~osphine 
Resolutions by the method of metal complexation have not hitherto been applied to PN 
bidentates possessing 1,2-phenylene backbones. As an introductory study, we were 
interested in resolving the tertiary phosphine (+)-93: 
Ph Me ~.R~ 
O P"-.,: 1 . #NH 
2 
(R)-93 
Me Ph ~s~ /PX) 
. · 1 
HN ' 2 
(S)-93 
Compound (+)-93 was prepared by an improved literature method and was obtained as a 
colourless air-sensitive liquid.92 The resolution of (+)-93 was based upon the separation of 
a pair of internally diastereomeric palladium(TI) complexes derived from bis(Jl-chloro )bis 
[(S)-[l-[1-(dimethylamino)ethyIJnaphthyl-C2, N ]]dipalladium(II), (S)-47, as shown in 
Scheme XXXII. 
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Scheme xxxn 
Ph 
Me~1 
+ (S)-47 2 OP, I . 
'- NH 2 
(±)-93 
M~ H2 
SN",+/NX) 
Pd I PF6-
'" R #' ~ ........ p 
I '\. 
Ph Me 
+ 
[R-(R*,S*)]-94 [S-(R* ,R*)]-94 
The initial step involved the fOImation of the internally diastereomeric palladium(II) 
complexes [R-(R* ,5*)]-94 and [S-(R* ,R*)]-94. The racemic bidentate was stirred with a 
suspension of the chloro-bridged climer (S)-47 in methanol, giving a pale yellow solution of 
, , 
the chloride salts. The mixture of diastereomenc hexafluorophosphate salts was precipitated 
in 93% yield by the addition of an excess of ammonium hexafluorophosphate to the solution 
of chloride salts. 
The mixture was separated by fractional crystallisation from a dichloromethane-
isopropanol solvent mixture. The less soluble diastereomer was obtained from acetone-
diethyl ether in 65% yield as white rosettes with [a]D + 162.7° (c 1.02, M~CO). The more 
soluble diastereomer was isolated as colourless needles with [a]D -101.6° (c 1.12, M~CO), 
.. 
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after two recrystaliisations of partially purified material from hot methanol (yield 55%). 
Previous work involving resolving agent (R)-47 and bidentates containing PN donors 
indicated that the internally diastereomeric palladium(ll) complexes have square-planar 
geometries in which the phosphorus stereocentres coordinate trans to the NM~ group of the 
ortho-metalated amine.67,69 The 200 MHz 1H NMR spectra of [R-(R*,S*)]-94 and 
[S -(R* ,R*)]-94 in (CD3hCO are consistent with square-planar geometries of the 
diastereomers and regiospecificity of coordination (Figure 16). 
[R -(R* ,5*)-94 
[5-(R* ,R*)-94 
NMe 
AromJllcs 
NMc 
NJphlhYl Y II 
CliMe 
PMc 
c 
" > o 
til 
TMS 
I 
-:!u U 
........L..--......L--....J~.L-.... . ..J-L..I ---L---l~.L.............--L-...-..L...----L...............L---l~.L.--...JI----,-~ __ J 
Aromatics 
o I II 
PMe 
NMc 
N/'Ic 
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CHAtt 
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Figure 16. IH NMR spectra of [R-(R* ,S*)]-94 and [S-(R* ,R*)]-94 in (CD3h CO . 
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The IH NMR spectra were also used for the assignment of absolute configurations to the 
asymmetric phosphorus stereocentres in (+)-93. In other work on related compounds 
containing the (R)-[l-(dimethylamino)ethyl]naphthalene moiety, it was shown that the y 
aromatic ring proton adjacent to the metalated carbon atom was shifted upfield (to ca 7 ppm) 
when an adjacent phenyl-substituted phosphorus donor stereocentre had the S absolute 
configuration. The origin of the shielding is evident in the structure of a compound of this 
type detennined by X-ray analysis: puckering in the organometallic ring causes the y-proton 
to protrude into the face of the neighbouring P-phenyl gr<?up in the [S-(R*,S*)] 
diastereomer, but not in the [R-(R* ,R*)] diastereomer. Furthennore, the orthogonal 
relationship of the adjacent aromatic rings in the [S-(R* ,S*)] diastereomer results in a strong 
deshielding of the pair of ortho-protons of the phenyl group attached to the phosphorus atom. 
In this work, the diastereomer exhibiting the pronounced shielding effects was therefore 
deduced to be the [R-(R*,S*)] diastereomer since it is in this compound that the arrangement 
of the aromatic rings is orthogonal. 
The resolved phosphines (R)-93 and (S)-93 were stereospecifically displaced from the 
respective diastereomers as shown in Scheme XXXIll. 
Scheme XXXIII 
[R-(R* ,5*)]-94 
(R* ,R*)-43 + 
(5)-93 
[5-(R* ,R*)]-94 (R* ,R*)-43 
Ph 
Me .... W + 
"': R 0 P':-' 
~NH2 
H Mez PhMe 
5 N + P:O 
Me \W" '" Pd/ I PF -
""P' 6 I PhMe 
(R )-93 
a 
a 
a mixture of diastereomers 
Diastereomers [R-(R*,5*)J-94 and [5-(R* ,R*)J-94 were separately treated in dichloro-
methane with (R* ,R*)-(+)-1,2-phenylenebis(methylphenylphosphine), (R* ,R*)-43. The 
resulting complex containing (R* ,R*)-43 was precipitated by addition of n-hexane to the 
mixture, and was readily removed by filtration. Evaporation of the solvent under reduced 
pressure (ca 20 mmHg) at 20°C gave the optically pure enantiomers as colourless 
air-sensitive oils in 98% yield, with [aJo + 160.0° (c 0.92, M~CO), (R), and -160.0° 
(c 0.98, M~CO), (5). The optically active fonns of the phosphine cannot be distilled 
without racemisation. 
3.3 Preparation of (+)-1-Amino-2-[(2-methoxybenzyl)methylphosphino]-
ethane 
The successful cyclisation of precursor (+)-75 as described in Chapter 2 suggested the 
possibility of cyclising (+)-95 using a similar strategy. 
OCoMe 
C
PMe 
SH 
(±)-75 (±)-95 
The ligand (+)-95 was prepared by the addition of 2-chloroethylamine to the lithiated 
secondary phosphine (+)-78, followed by aqueous workup as shown in Scheme XXXIV. 
The compound was obtained as a colourless air-sensitive oil in 82% yield. 
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Scheme XXXIV 
(XCH3 Br2 ~ I -h-u---" 
Br 
(CI Br _N_aO_M_e_.. 0(1 OMe ~ Br ~ Br 
_P_(O_E_l_h ___ ... OCOMe LiAlH4 .. (CI OM~ 1. n-Bu:i (CI OMe 
NiCl2 I M SiCl ~ ~ !l ~ P(OEth ~ PH2 2. Mel PHMe 
II 
° -78 °C 
(±)-78 
1. n-BuLi • QOMe 
2. eel CPMe 
NH2 NH2 
-78°C 
(±)-95 
The IH NMR spectrum of (+)-95 in CDC13 is shown in Figure 17. It contains a doublet 
at 8 1.29 (PMe, 2JPH = 3.91 Hz), a singlet at 8 1.40 (NH2), a multiplet at 8 1.76-1.97 
(PCH2), a multiplet at 8 2.71-2.83 (NCH2), a singlet at 8 3.42 (OMe), a multiplet at 8 
4.60-4.85 (benzylic CH2), and a multiplet at 8 7.19-7.55 (aromatics). The 31 P NMR 
spectrum in CDCl3 exhibits a singlet at 8 -55.74. 
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Figure 17. IH NMR spectrum of (+)-95 in CDC13. 
3.4 Resolution of (+)-1-Amino-2-[(2-methoxybenzyl)methylphosphino]-
ethane 
An understanding of the trans-P2N2 system is envisaged to lead ultimately to the 
preparation of sexidentate macrocyclic ligands containing P3N3 donors following cyc1isation 
on an octahedral metal-template. A molecular model study of a potential tris(bidentate) 
precursor complex, however, has shown that optically pure enantiomers of the functionalised 
macrocyc1e precursor bidentate will be required for cyclisation to proceed in that system. The 
resolution of the first functionalised PN bidentate was therefore of considerable interest. 
A similar approach to that described for the resolution of (+)-93, resulted in the resolution 
of (+)-95, as shown in Scheme XXXV . 
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Scheme XXXV 
2 OCOMe (PMe + (S)-47 
NH2 
(±)"- 95 
+ 
[S-(R* ,R*)]-96 [R-(R* ,S*)]-96 
The diastereomeric mixture of hexafluorophosphate salts was obtained as a colourless 
glass in 97% yield, [a]o +30.49° (c 0.61, Me2CO). Separation of the diastereomers was 
achieved by the fractional crystallisation of the mixture from an acetone-diethyl ether solvent 
mixture. The less soluble diastereomer was obtained in 50% yield in one recrystallisation; 
colourless needles, [a]D -97.48° (c 0.93, M~CO). The more soluble diastereomer did not 
crystallise. The 200 MHz IH NMR spectrum of the pure less soluble diastereomer displayed 
a pronounced shielding of the 'Y aromatic ring proton as seen in Figure 18. The phosphorus 
stereocentre was accordingly assigned the R absolute configuration by a similar argument to 
that described for (+)-93. 
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Figure 18. IH NMR spectrum of [R-(R*,5*)]-96 in (CD3hCO. 
The resolved phosphine was stereospecifically displaced from the diastereomer 
[R -(R* ,5*)]-96 by treatment with (R* ,R*)-43 in the same way as that described for (+)-93, 
as shown in Scheme XXXVI. 
Scheme XXXVI 
[R-(R* ,5*)]-96 
(R* ,R* )-43 
a 
Me, ) < 5 "", 
" OM .' e ('-' + 
NH2 
(S)-95 a mixture of diastereomers 
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The optically pure ligand, (S)-95, was obtained in almost quantitative yield as a colourless 
air-sensitive oil, [a]D -4.86° (c 0.62, CH2Cli), which could not be distilled without 
racemisation. 
TIlls investigation has shown that optically pure enantiomers of functionalised PN 
bidentates may be obtained in high yield by the method of metal complexation. This is 
expected to lead to the preparation of optically active trans-P2N2 macrocyclic ligands, 
following cyclisation of suitable optically active precursors. Furthennore, there is now a 
greater feasibility of extending this work to the synthesis of optically active sexidentate P3N3 
macrocycles. 
3.5 Investigations of Potential Synthetic Routes to Functionalised 
Macrocycle Precursor Bidentates 
Compounds (+)-97, (+)-98, and (+)-99 are potential precursors to macrocycles 91 and 
92, although (+)-97 was not expected to be stable because it would tend to spontaneously 
condense with itself.93 
(XI eRO ~ P NH 
sSLJ 2 
0(1 OR ~ P NH 
sSLJ 2 
Me Me 
(±)-97 (±)-98 (±)-99 
Compounds (+)-98 and (+)-99, however, were considered to be suitable precursors for 
macrocycles 91 and 92. The bidentates (+)-98 and (+)-99 were expected to have properties 
similar to the analogous arsenic compounds (+)-62 and (+)-63 (Section 1.4.3.2). 
The classic method of addition of phosphorus to an aromatic ring is by an Arbuzov-
Michaelis reaction.79 Thus, one route to (+)-98 was via the phosphate ester 100 as shown 
in Scheme XXXVII. 
Scheme XXXVII 
P(OEth 
hu 
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c(1 N ----------~ Me 
2. Mel ~ PHMe 
MeNH HNMe 
LI 
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LiAIH4 • 
MeN) 
1. n-BuLi cC N 
------- I Me 
2. CI NH2 . P NJf2 
'LJ Mer ~ 
(±)-98 
The Arbuzov reaction of this sequence of reactions, however, was unsuccessful, even 
with use of the 2-bromo analogue of 101. The use of anhydrous nickel(II) chloride and 
elevated temperatures for the preparation of 100, as described for (+)-75 (Section 2.2, 
Scheme XXV1ll), was also unsuccessful. The use of 2-bromobenzaldehyde or 
2-bromobenzyl alcohol in place of 101 resulted in a brown tar. 
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The arsenic analogue of (+)-98 was prepared via the dimethyl compound 102 (Section 
1.4.3.2, Scheme XIX). 
102 
A similar strategy incorporating compound 103, the p~osphorus analogue of 102, was 
attempted as shown in Scheme XXXVIII. 
Scheme XXXVIll 
Me 
N) ~NMe V PM":1 
103 
n-BuLi 
1. Na/liq.NH3 
2. CI NH2 
LJ 
Me N) ~NMe U Li 
104 
(±)-98 
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Dimethylchlorophosphine was prepared by the literature method.9.78.100.101 It was 
reacted with o-lithiated species 104 to give compound 103. However, an aryl group, rather 
than a methyl group, was cleaved in the fInal step of the synthesis. The preferential cleavage 
of the aryl group of 103 was not totally unexpected, since sodium in ammonia is known to 
cleave a phenyl group from diphenylmethylphosphine, and lithium in tetrahydrofuran is 
known to cleave the phenyl group from phenyldimethylphosphine.79 
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In view of this result, it was considered that the triaryl compound 105 could be converted 
into the desired product by the sequence of reactions depicted in Scheme XXXIX. 
Scheme XXXIX 
n-BuLi 
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R Me 
Me N) ~NMe U~ 
Reaction of phosphorus trichloride with three equiv. of 104 resulted in an intractable 
black tar. Inspection of a molecular model of 105 suggested that steric factors may have 
prevented its formation. 
Having established the order of bond cleavage in these compounds another strategy was 
adopted, as shown in Scheme XXXX. 
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Scheme XXXX 
n-BuLi 
104 
Me Me 
N) 
1. Na/liq.NH3 
N) 
MePC12 c(NMe c(N .. .. Me 
~ PMe 2. CI NH2 '" P NH C\ Me "---I ; '-----! 2 Me 
'" N NJ 
Me (±)-98 
106 
The possibility of steric factors adversely affecting the formation of 105 was not expected 
to be of consequence in the fonnation of 106. However, an intractable black tar resulted 
when methyldichlorophosphine was reacted with 104. The failure to obtain compound 106 
cannot be attributed solely to adverse steric factors. 
The bond-strength order established here indicates that a diarylmethylphosphine 
intermediate of type 107 will be required to prepare suitable functionalised precursors such 
as (+)-98 and (+)-99 for cyc1isation into trans-P2N2 macrocyc1es. 
"" -" 
y 
((Me 
~ 
y 
107 
Since steric bulk may also influence the formation of such compounds the protecting 
group Y should be small. A further requirement is that the protecting group must be inert to 
93 
methyldichlorophosphine under the reaction conditions envisaged. The 1 ,3-dioxolane group 
was considered suitable for protection of benzaldehyde in this work and was used for the 
preparation of protected diarylmethylphosphine 108 as shown in Scheme XXXXI. 
Scheme XXXXI 
Mg 
• 
. a~ 
c{a 
MgBr 
.. 
108 
94 
Phosphine 108 was obtained in almost quantitative yield via the Grignard intermediate as 
an orange viscous oil which crystallised slowly on standing at room temperature. The IH 
NMR spectrum of 108 in CD2Cl2 (Figure 19) exhibits a doublet at 8 1.55 (PMe, 2JPH = 5.1 
Hz), a multiplet at 83.88-4.07 (CH2CH2), a doublet at 8 6.30 (CH, 2JPH = 5.1 Hz), and a 
multiplet at 8 7.25-7.63 (aromatics). The 31p NMR spectrum in CD2Cl2 has a singlet at 8 
-50.12. 
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Figure 19. IH NMR spectrum of 108 in CD2C12. 
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Attempts to cleave a protected aryl group from 108 under various conditions, however, 
resulted either in decomposition (sodium in ammonia) or in the recovery of the starting 
material (lithium in tetrahydrofuran or n-BuLi in diethyl ether). Nevertheless, this compound 
remains a potentially valuable intermediate for the ultimate preparation of (+)-98 and (+)-99. 
3.6 Conclusion 
From the investigation discussed in Section 3.5 compound 108 may lead to macrocyc1e 
precursors (+)-98 and (+)-99. Since attempts to cleave a 1,3-dioxolane-protected aryl group 
failed it will be necessary to initially generate the dialdehyde 109. We have shown that 
heating compound 108 in boiling acetone in the presence of acid results in deprotection of 
the aryl groups. Two separate synthetic pathways to (+)-98 and (+)-99 via 109 can be 
envisaged, as shown in Scheme XXXXl1. 
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Scheme XXXXII 
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Reprotection of 109 with ethane-1 ,2-bis(methylamine) to give 106 will present a route to 
precursor (+)-98. We have shown that cleavage of the imidazolidine-protected aryl group in 
103 was effected by sodium in liquid ammonia (see Section 3.5, Scheme XXXVIII). 
Me 
N) ~NMe V PM":1 
103 
Me 
1. Na/liq.NR3 
N) ~ N Me + PHM":1 
We therefore expect that treatment of 106 in this way is likely to result in secondary 
phosphine (+)-110 after aqueous workup. Generation of the intennediate phosphide using 
n-BuLi at -78°C (as for precursors (+)-75, [Section 2.2, Scheme XXVIII], and (+)-95, 
[Section 3.3, Scheme XXXIV]), and subsequent reaction with 2-chloroethylamine is 
expected to yield (+)-98. 
In the arsenic work, (Section 1.4.3.2, Scheme XXI), N aBH4 reduction of an aldehyde 
intermediate in methanol, leading to macrocycle precursor (+)-63, suggested that a similar 
method could be applied in the phosphorus system. 
((
eRO 
~I 
AsM~ 
Reduction of the dialdehyde 109 to the alcohol 111 presents a path to precursor (+)-99. 
It will be necessary to protect the alcohol groups in 111 before aryl-group cleavage (as was 
shown for the methyl-group cleavage in Scheme XXI). This can be done by using 2 equiv. 
of n-BuLi per molecule at -78 °e. Treatment of protected 111 with sodium in liquid 
ammonia is likely to result in cleavage of an aryl group; the alcohol is regenerated by aqueous 
workup to give secondary phosphine (+)-112. In the final step the alcohol group is again 
1IIi.. ' 
protected using n-BuLi at -78°C, and the phosphide is generated using sodium in liquid 
ammonia. Reaction with 2-chloroethylamine, followed by aqueous workup, is expected to 
yield (+)-99. 
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3.7 Experimental Section 
3.7.1 General 
The instrumentation and experimental techniques employed in this Section were, in 
general, the same as those described in Section 2.8.1. 
3.7.2 Preparation of (+)-(2-Aminophenyl)methylphenylphosphine 
(2-Aminophenyl)triphenylphosphonium Chloride Monohydrate, 113. 
98 
Compound 113 was prepared by a modified literature method.92 A mixture of 
triphenylphosphine (262 g, 1.0 mol), 2-chloroaniline (128 g, 1.0 mol) and anhydrous 
nickel(TI) chloride (65 g, 0.5 mol, dried in vacuo 48 h, 140 DC) was heated at 200-210 °C 
with stirring for 4 h. The resulting blue melt was cooled to ca 160°C and then it was poured 
into hot water (600 mL), acidified with several drops of 10 M hydrochloric acid. Boiling 
acidified water (400 mL) was used to extract the remaining material from the vessel. The 
cooled mixture was washed with diethyl ether (3 x 200 mL) and the aqueous phase was 
separated. The aqueous layer was washed with dichloromethane (3 x 300 mL) and the 
combined organic layers were dried (MgS04), filtered, and the solvent was evaporated to 
give a viscous orange oil, ca 300 mL. Tetrahydrofuran was added (ca 500 mL); vigourous 
stirring of the mixture yielded white crystals. crystallisation was completed by maintaining 
the mixture at 5 °C for 6 h. The product was filtered, washed with tetrahydrofuran (50 mL), 
diethyl ether (50 mL) and dried (120 DC, 20 mmHg, 16 h). The product was obtained as a 
colourless monohydrate crystalline solid: mp 296°C; yield 222 g (57%). Anal. Calcd for 
C24H22CINPO: C, 70.7; H, 5.7; N, 3.4; CI, 8.7. Found: C, 70.8; H, 5.7; N, 3.5; CI, 8.7. 
IH NMR (CDCI3): 84.95 (br s, 2, NH2), 6.7- 8.0 (m, 19, aromatics). IR: (~-H) 3440, 
3293, 3100 cm-I . 
(2-AminophenyI)diphenylphosphine, 114. 
Sodium wire (8.3 g, 0.36 mol) was added to a solution of naphthalene (51.0 g, 0.39 mol) 
in tetrahydrofuran (500 mL). The resulting dark green solution of sodium naphthalenide was 
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cooled to -78°C (almost solid) and 113 (64.0 g, 0.164 mol) was added. The mixture was 
warmed slowly to room temperature with occasional shaking, and then it was stirred for 1 h. 
Acetic acid (ca 2 g, 0.03 mol) was added, giving an orange solution to which was added 
aqueous ammonium chloride (100 mL, 20%). Additional water was added to complete 
dissolution of residual solid. The phases were separated and the aqueous layer was washed 
with diethyl ether (100 mL). The combined organic phases were dried (MgS04), filtered, 
and the solvent was evaporated off. The residue was taken up in boiling 90% aqueous 
ethanol (200 mL) and the solution was treated with a solution of nickel(m nitrate (26.0 g, 
0.09 mol) in boiling 90% aqueous ethanol (150 mL). The solution was cooled to 5 °C 
overnight and diethyl ether (800 mL) was added to the resultant crystalline mass. The orange 
crystals were filtered off and dried (50°C, 20 mmHg, 3h): yield 55.4 g (55%). The complex 
was heated for 5 h in boiling benzene-water (700 mL, 1: 1) acidified with several drops of 
10M hydrochloric acid. The phases were separated and the aqueous phase was washed with 
benzene (500 mL). The combined organic extracts were washed with brine (500 mL), dried 
(MgS04), and passed through a short alumina column with benzene as eluent. The 
colourless solution was evaporated to give an oil that was taken up in boiling 90% aqueous 
ethanol (5 mL / g). Fluffy white crystals of the product fonned on cooling: mp 82°C; yield 
35.6 g (88%). Anal. Calcd for C I8H I6NP: C, 78.0; H, 5.8; N, 5.1. Found: C, 78.1; H, 
5.9; N, 5.0. IH NMR (CDCI3): 83.9 (br s, 2, NH2), 6.5-7.4 (m, 14, aromatics). 3Ip 
NMR (CDCI3): 8 -20.87 (s). IR: (UN-H) 3388, 3430 cm- I . MS: m/e 277 a.m.ll. 
(2-Aminophenyl)methylphenylphosphine, (+)-93. 
(2-Aminophenyl)diphenylphosphine, 114, (50.0 g, 0.18 mol) was stirred with lithium 
foil (2.5 g, 0.36 mol) in tetrahydrofuran (500 mL) for 3 h. The filtered phosphide solution 
was added dropwise to a cooled (-78°C) solution of methyl iodide (25.6 g, 0.18 mol) in 
tetrahydrofuran (250 mL) with stirring. The solution was warmed to room temperature and 
stirred for a further 1 h. The solution was concentrated to ca 75 mL, cooled to -78 °C, and 
treated with deoxygenated aqueous ammonium chloride (100 mL, 20%). Dichloromethane 
(300 mL) was then added to the colourless mixture. The phases were separated and the 
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aqueous layer was washed with dichloromethane (3 x 50 mL). The combined organic 
extracts were dried (MgS04), filtered, and the solvent was evaporated off. The product was 
distilled to give a colourless air-sensitive liquid: bp 145°C (0.10 mmHg); yield 31.8 g, 
(82%). Anal. Calcd for C13H14NP: C, 72.56; H, 6.51. Found: C, 72.72; H, 6.80. 1H 
NMR (CDCI3): 8 1.53 (d, 3, 2JPH = 8 Hz, PMe), 4.04 (br s, 2, NH2), 6.50-7.39 (m, 9, 
aromatics). 31p NMR (CDCI3): 8 -43.5 (s). IR: (UN-H) 3360, 3450 em-I . MS: m/e 215 
a.m.u. 
3.7.3 Resolution of (+)-(2-aminophenyl)methylphenylphosphine 
Formation of Internal Diastereomers [SP-4-2-[R-(R* ,s*)]- and 
[SP-4-2-[S-(R* ,R*)]-[1-aminophenyl(methylphenylphosphine)-N,P][2-[1-
(dimethylamino)ethyl]naphthyl-Cl,N]palladium(II) Hexafluorophosphate, 
[R-(R*,S*)]-94 and [S-(R* ,R*)]-94. 
To a suspension of the resolving agent, (S)-47, (14.94 g, 19.57 mmol) in methanol (150 
mL) was slowly added a solution of (+)-(2-aminophenyl)methylphenylphosphine, (+)-93, 
(8.83 g, 41.1 mmol) in methanol (50 mL) with stirring. The mixture was stirred for 2 h at 
room temperature. A degassed solution of ammonium hexafluorophosphate (20.2 g) in 
water (50 mL) was added dropwise with stirring to the yellow solution. A further addition of 
water (500 mL) was made to complete precipitation of a white solid and the mixture was 
stirred for 1 h. The solid was filtered, washed with cold water (4 x 50 mL) and dried under 
high vacuum at 20°C: mp 210°C (decomp.); yield 25.0 g (92%). [a]D + 34.73° (c 1.013, 
M~CO). Anal. Calcd for C27H3oN2P2F~d: C, 48.8; H, 4.6; N, 4.2. Found: C,48.5; 
H, 4.5; N, 4.1. 1H NMR (M~CO-d6): 8 1.93 (d, 3, 3JHH = 6.35 Hz, CHMe), 1.93 (d, 3, 
3JHH = 6.35 Hz, CHMe), 2.28 (d, 3, 2JPH = 10.5 Hz, PMe), 2.50 (d, 3, 2JPH = 10.5 Hz, 
PMe), 2.96 (s, 6, NMe), 3.20-3.22 (m, 6, NMe), 4.65-4.80 (m, 2, CHMe), 6.50 (br s, 4, 
NH~, 6.90- 8.25 (m, 15, aromatics). IR: (UN-H) 3260, 3300 em-I. 
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Separation of [R-(R*, S*)]-94 and [S-(R*, R*)]-94. 
The mixture of diastereomers (25.0 g) was dissolved in dichloromethane (100 mL) and 
2-propanol was added (50 mL). On standing, crystals enriched in [S-(R*, R*)]-94 were 
deposited: yield 6.75 g (50%); [a]o +160.8 0 (c 1.07, Me2CO). The mother liquor was 
evaporated to dryness under reduced pressure and the residue was dissolved in dichloro-
methane (75 mL); this solution was diluted with 2-propanol (35 mL). On standing, crystals 
enriched in [R-(R*, S*)]-94 were obtained: yield 5.4 g (43%); [a]o -98.30 (c 0.98, 
M~CO). This process was repeated to give additional crystalline material. The fractions 
enriched in [S-(R*, R*)]-93 were combined and recrystallised from an acetone-diethyl ether 
solvent mixture. Similarly, the fractions enriched in [R-(R*, S*)]-94 were combined and 
recrystallised from hot methanol. [S-(R*, R*)]-94 was obtained in 65% yield (8.13 g) as 
colourless rosettes: mp 252-256 °C (decomp.); [a]o + 162.70 (c 1.02, Me2CO). Anal. Calcd 
for C27H30N2P2F6Pd: C, 48.8; H, 4.6; N, 4.2. Found: C, 49.0; H, 4.7; N, 4.1. IH 
NMR (Me2CO-d6): 8 1.93 (d, 3, 3JHH = 6.35 Hz, CHMe), 2.52 (d, 3, 2JPH = 10.25 Hz, 
PMe), 2.97 (d, 3, 3JHH = 1.47 Hz, NMe), 3.22 (d, 3, 3JHH = 3.42 Hz, NMe), 4.74 (m, 1, 
CHMe), 6.35-6.65 (m, 2, NH2), 7.30-8.06 (m, 15, aromatics). IR: (~-H) 3300, 3260 
em-I. 
[R-(R*, S*)]-94, colourless needles; mp 201- 205 °C (decomp.), yield 6.88 g (55%); 
[a]o -101.63 0 (c 1.12, Me2CO). Anal. Calcd for C27H30N2P2F6Pd: C,48.8; 
H, 4.5; N, 4.2. Found: C, 48.5; H, 4.6; N, 4.1. 1 H NMR (Me2CO-d6): 8 1.93 
(d, 3, 3JHH = 6.34 Hz, CHMe), 2.29 (d, 3, 2JPH = 10.50 Hz, PMe), 2.98 (d, 3, 
3JHH = 1.7 Hz, NMe), 3.20 (d, 3, 3JHH = 3.42 Hz, NMe), 4.73 (m, 1, CHMe), 6.20-6.83 
(br s, 2, NH2), 6.91-8.26 (m, 15, aromatics). IR: ('UN-H) 3305, 2260 em-I. 
Liberation of Optically Active (2-aminophenyl)methylphenylphosphine, 
(R)-93 and (S)-93. 
(R)-(2-aminophenyl)methylphenylphosphine, (R)-93. 
A solution of the complex [S-(R*, R*)]-94 (5.02 g, 7.55 mmol) in dichloromethane 
(200 mL) was treated with a solution of (R* ,R*)-(+)-1,2-phenylenebis(methylphenyl-
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phosphine), (R*, R*)-43, (2.41 g, 7.47 nunol) in dichloromethane (100 mL). The mixture 
was stirred for 1 h at 20°C. The solution was concentrated to ca 25 mL under reduced 
pressure (ca 20 mmHg) at 20°C. n-Hexane (250 mL) was added to precipitate the 
diastereomeric mixture containing (R*, R*)-43. The solid was filtered off and washed with 
n-hexane (3 x 30 mL) before being dried (50°C, 0.10 mmHg, 4 h): yield 5.65 g (98%). 
This by-product was retained as a future source of the resolved bis(tertiary phosphine). 
Evaporation of the solvent under reduced pressure (ca 20 mmHg) at 20°C gave optically pure 
(R)-93 as a colourless viscous oil; yield 1.56 g (97%), [a]D + 160.0° (c 0.92, Me2CO). 1H 
NMR (CDCI3), 31p NMR (CDCI3), and IR (neat) spectra were identical to the respective 
spectra of the racemic compound. The optically active compound could not be distilled 
without racemisation. 
(S)-(2-Aminophenyl)methyJphenyJphosphine, (S)-93. 
The enantiomer (S)-93 was obtained from the diastereomeric complex [R-(R*, S*)]-94 
by the method described above. The pure product was obtained as a colourless viscous oil; 
yield 1.21 g (98%), [a]D-160.0° (c 0.98, Me2CO). The spectra were identical to that of its 
enan tiomorph. 
3.7.4 Preparation of (+)-1-Amino-2-[(2-methoxybenzyl)methyJphosphino]-
ethane 
A stirred solution of (+)-(2-methoxybenzyl)methylphosphine, (+)-78, (32.4 g, 
0.19 mol) in diethyl ether (400 mL) was cooled to -78°C and treated with a solution of 
n-BuLi in n-hexane (120.5 mL, 1.6 M, 0.19 mol). The mixture was allowed to warm to 20 
°C and was again cooled to -78°C and treated with a freshly prepared solution of 
2-chloroethylamine (1.7 equiv.) in diethyl ether (ca 300 mL) dropwise with stirring. The 
mixture was allowed to warm to 20°C and was stirred at this temperature for 2 h giving a 
white precipitate of lithium chloride with loss of the initial orange colour. The mixture was 
treated with water (150 mL) and the phases were separated. The aqueous phase was washed 
with dichloromethane (5 x 1 ()() mL) and the combined organic phases were dried (MgS04), 
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fIltered, and the solvent evaporated to give a slightly yellow viscous oil that was distilled to 
give the desired product as a colourless air-sensitive viscous liquid: bp 115°C (0.05 
mmHg), yield 33.4 g (82%). Anal. Calcd for CllH180PN: C, 62.5; H, 8.6. Found: C, 
62.7; H, 8.5. IH NMR (CDCI3): 0 1.29 (d, 3, 2JPH = 3.91 Hz, PMe),.1.40 (s, 2, NH2), 
1.76-1.97 (m, 2, PCH2), 2.71-2.83 (m, 2, NCH2), 3.42 (s, 3, OMe), 4.60-4.85 (m, 2, 
benzylic CH~, 7.19-7.55 (m, 4, aromatics). 31p NMR (CDCI3): 0 -55.74 (s). IR (neat): 
(UN-H) 3375, 3300 em-I, (UCH3) 2850 em-I, (NH bend) 1590 em-I, (Ar-H, 4 adj) 750 em-I. 
MS: m/e 211.1 a.m.u. 
3.7.5 Resolution of (+)-1-Amino-2-[(2-methoxybenzyl)methylphosphino]-
ethane 
Formation of Internal Diastereomers [SP-4-2-[R-(R*,S*)]]- and [SP-4-2-
[S-(R* ,R*)]]-[1-Amino-2-[(2-methoxybenzyl)methylphosphino]ethane-N 'pl-
[2-[1-(dimethylamino)ethyl]naphthyl-Cl,N]palladium(II) 
Hexafluorophosphate, [R-(R*,S*)]-96 and [S-(R* ,R*)]-96. 
To a suspension of the resolving agent, (S)-47, (2.73 g, 3.58 mmol) in methanol (150 
mL) was added a solution of (+)-95 (1.59 g, 7.52 mmol) in methanol (50 mL) and the 
mixture was stirred at 20°C for 2 h. The clear solution was filtered and treated with an 
excess of ammonium hexafluorophosphate (2.06 g, 12.63 mmol) in water (200 mL). A 
further addition of water (150 mL) was made to complete precipitation of the white solid and 
the mixture was stirred for 1 h. The white precipitate was filtered and washed with cold 
water (4 x 50 mL) and redissolved in dichloromethane (100mL). The solution was dried 
(MgS04), filtered, and the solvent was removed on a rotary evaporator at 40 °c (ca 20 
mmHg). The resulting flesh-pink glass was dried under high vacuum at 20°C: mp 139°C 
(decomp.); yield 4.59 g (97%). [a]D +30.49° (c 0.61, M~CO). Anal. Calcd for 
C25H340P2N2F6Pd: C, 45.4; H, 5.2; N, 4.2. Found: C, 45.7; H, 5.5; N, 3.9. IH NMR 
(CD2CI2): 0 1.79-1.86 (m, 6, CHMe), 1.94 (d, 3, 2JPH = 10.0 Hz, PMe), 2.18 (d, 3, 2JPH 
= 10.0 Hz, PMe), 2.10-2.50 (m, 4, PCH2), 2.81-2.92 (m, 12, NM~), 2.90-3.20 (m, 4, 
NCH2), 3.30 (s, 3, OMe), 3.35 (s, 3, OMe), 4.32-4.46 (m, 2, CHMe), 4.71-4.92 (m, 4, 
benzylic CH2), 5.95 (br s, 4, NH~, 6.55-8.00 (m, 20, aromatics). 31p NMR (CD2CI2): 
8510.25 (s). 
Separation of [R-(R*,S*)]-96 and [S-(R* ,R*)]-96. 
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The mixture of diastereomers was dissolved in acetone (50 mL) and diethyl ether (25 mL) 
was added. With time, crystals of pure [R -(R*, S*)]-96 were deposited from the solution: 
yield 1.15 g (50%). The mother liquor was evaporated to dryness under reduced pressure 
and the residue was dissolved in acetone (35 mL) and diluted with diethyl ether (20 mL). No 
crystals were obtained and the more soluble diastereomer could not be crystallised from any 
solvent tried. Total yield of [R -(R*, S*)]-96, 1.15 g (50%), mp 225°C (decomp.). [a]o 
-97.48° (c 0.93, M~CO). Anal. Calcd for C2sH340P2N2F6Pd: C, 45.4; H, 5.2; N, 4.2; 
P,9.4. Found: C, 45.6; H, 5.3; N, 3.9; P, 9.3. 1H NMR (CD2CI2): 8 1.84 (d, 3, 3JHH = 
6.35 Hz, CHMe), 1.95 (d, 3, 2JPH = 10.01 Hz, PMe), 2.18-2.30 (m, 2, PCH2), 2.86 (s, 3, 
NMe), 2.88 (br s, 3, NMe), 2.95 (br s, 3, NMe), 3.00-3.25 (m, 2, NCH2), 3.40 (s, 3, 
OMe), 4.30-4.45 (m, 1, CHMe), 4.77 (d, 2, 3JHH = 11.96 Hz, benzylic CH2), 6.56-6.65 
(m, 1, naphthyl y-H), 7.12-7.98 (m, 9, aromatics). 
Liberation of Optically Active (-)-1-Amino-2-[(2-methoxybenzyl)methyl-
phosphino]ethane, (S)-95. 
A solution of the complex [R-(R*, S*)]-96 (1.10 g, 1.75 mmol) in dichloromethane (75 
mL) was treated with a solution of (R*,R*)-(+)-l ,2- phenylenebis(methylphenylphosphine), 
(R*, R*)-43 (0.55 g, 1.71 mmol) in dichloromethane (75 mL). The mixture was stirred for 
1 h at 20°C. It was concentrated to ca 25 mL under reduced pressure (ca 20 mmHg) at 20°C 
and diluted with n-hexane (250 mL). The resulting white precipitate was filtered off and 
washed with n-hexane (3 x 30 mL) before being dried (50°C, 0.1 mmHg, 4 h); yield 1.31 g 
(99%). This by-product was retained for future use. Evaporation of the solvent from the 
filtrate under reduced pressure (ca 20 mmHg) at 20°C gave optically pure (S)-95 as a 
colourless viscous air-sensitive oil; yield 0.35 g (98%). [a]o -4.86° (c 0.62, CH2CI2). 1H 
NMR (CDC13), 31p NMR (CD2CI2), and IR spectra were identical to the respective spectra 
of the racemic compound. The optically pure compound could not be distilled without 
racemisation. It is noteworthy that the enantiomorph can be obtained with use of (R)-47 in 
the procedure similar to the one described above. 
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